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Description 



The present invention is directed to a class of 3-amido and 3-sutfamido-indolyl derivatives that are useful as NMD A 
antagonists. Another aspect of the inventbn is directed to their use in the treatment of a number of diseases as well 
as to pharmaceutical compositions containing them. 

In accordance with the present invention, a class of NMDA antagonists have been discovered which can be de- 
scribed by the following formulae: 



10 



15 




la 



20 



25 



30 




lb 



35 



40 




N— X— A 



ic 



45 



in which Z is represented by H, C r C 4 alkyl, phenyl, substituted phenyl, or a phenylalkyl substituent in which the phenyl 
ring may be optionally substituted; R is represented by hydrogen, halogen, C r C 4 alkyl, C r C 4 alkoxy, CF 3> OCF 3 OH, 
N0 2 , or CN; B is represented by hydrogen, C r C 4 alkyl, optionally substituted phenylalkyl, or -CH 2 -COR 2 ; X is repre- 
sented by CO or S0 2 ; A is represented by a substituent selected from the group consisting of: 
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in which L is represented by a substrtuent selected from the group consisting of hydrogen, halogen, C r C 4 alkyl, C r 
C 4 alkoxy, CF 3 , OCF 3 OH, N0 2 , NH 2 , phenylalkyl, acetyloxy, or CN; , R 2 , and D are each independently represented 
by a substttuent selected from the group consisting of OH, -OR 3 , -NR 4 R 5 -OCH 2 OR 3 , and -0-(CH 2 ) m -NR 6 R 7 , in which 

20 m is an integer from 1-4; R 3 is represented by C r C 4 alkyl, phenyl, substituted phenyl or a phenylalkyl substrtuent in 
which the phenyl ring may be optionally substituted; R4 and R 5 are each independently represented by hydrogen or a 
C r C 4 alkyl; Rg and Ry are each independently represented by hydrogen or a C r C 4 alkyl, or Rg and R 7 together with 
the adjacent nitrogen atom form a piperidino, morpholino, or pyrrolidine group; wherein the term "substituted phenyl 
(ring)" refers to a phenyl moiety (C 6 H 5 ) which is substituted with up to 3 substrtuents, each substrtuent is independently 

25 selected from the group consisting of halogens, C^alkyl, C^alkoxy, CF 3 , OCF 3 , OH, CN, NH 2 and N0 2 , and the; 
substituents may be the same or different and may be located at any of the ortho, meta or para positions; and the. 
phanmaceuticaly acceptable salt thereof; with the following proviso's 1) that when R, Z, B, are hydrogen, R, is OR 3 in 
which R 3 is ethyl, and X is CO, then L is not hydrogen; 2) that when X is SO^ R and B are hydrogen, and Z is methyl, 
then L is not para N0 2 or para Methyl or para CI; 3) that when X is S0 2 , R and B are hydrogen, and Z is H, then L is 

30 not para CI; 4) that when X is S0 2 , A cannot be C(0)-D or tetrazole. 
As used in this application: 

a) the term "halogen" refers to a fluorine, chlorine, or bromine atom; 

35 b) the terms "lower alkyl group and C 1h4 alkyl" refer to a branched or straight chained alkyl group containing from 

t-4 carbon atoms, such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, etc.; 

c) the terms "lower alkoxy group and C,^ alkoxy" refer to a straight or branched alkoxy group containing from 1 -4 
carbon atoms, such as methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, etc.; 

40 

d) the term "substituted phenyl (ring)" refers to a phenyl moiety (C 6 H S ) which is substituted with up to 3 substrtuents, 
each substituent is independently selected from the group consisting of halogens, C^ alkyl, C^ alkoxy, CF 3 , 
OCF 3 , OH, CN, NH 2 and N0 2 . These substrtuents may be the same or different and may be located at any of the 
ortho, meta, or para positions. 

45 

e) the term "phenylalkyl substrtuent" ("optionally substituted phenylalkyl") refers to the following structure, -(CH 2 ) p - 
C 6 H 5 which p is an integer from 1-3. This phenyl ring may be substituted in the manner described immediately 
above unless substitution is expressly excluded. 

50 f) the term "(unsubstituted) phenylalkyl substituent" refers to the following structure,-(CH 2 ) p -C 6 H 5 , in which p is an 

integer from 1-3. 

f) the expression "pharmaceuticaliy acceptable salts" includes pharmaceutical ly acceptable addition salts thereof 
and refers to either acid addition salts or to basic addition salts; 

ss 

g) the term "carbonyl" refers to: CO, 

h) the term "sulfoxide" refers to: S0 2 , and; 
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i) the term tetrazole" refers to: 
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The expression "pharmaceutical^ acceptable basic addition salts" is intended to apply to any non-toxic organic 
or inorganic basic addition salts of the compounds represented by Formula I or any of its intermediates. Illustrative 
bases which form suitable salts include alkali metal or alkaline-earth metal hydroxides such as sodium, potassium, 
calcium, magnesium, or barium hydroxides; ammonia, and aliphatic, alicyclic, or aromatic organic amines such as 
is methylamine, dimethylamine, trimethylamine, and picoline. Either the mono- or di-basic salts can be formed with those 
compounds. 

The expression "pharmaceutically acceptable acid addition salts" is intended to apply to any non-toxic organic or 
inorganic acid addition salt of the base compounds represented by Formula I or any of its intermediates. Illustrative 
inorganic acids which form suitable salts include hydrochloric, hydrobromic, sulphuric, and phosphoric acid and acid 

20 metal salts such as sodium monohydrogen orthophosphate, and potassium hydrogen sulfate, illustrative organic acids 
which form suitable salts include the mono-, di-, and tricarboxylic acids. Illustrative of such acids are for example, 
acetic, glycolic, lactic, pyruvic, malonic, succinic, glutaric, fumaric, malic, tartaric, citric, ascorbic, maleic, hydroxymaleic, 
benzoic, hydroxy-benzoic, phenylacetic, ctnnamic, salicyclic, 2-phenoxy-benzoic, p-toluenesulfonic acid, and sulfonic 
acids such as methane sulfonic acid and 2-hydroxy ethane sulfonic acid. Such salts can exist in either a hydrated or 

25 substantially anhydrous form. 

The indole ring depicted in Formulae la<: is always substituted at positions 2 and 3, and may be optionally sub- v 
stituted at position 1. It may be further substituted as is indicated by the possible definitions for R. R may represent up 
to 3 additional substituents and these additional substituents may be located at any of positions 4, 5, 6, or 7. These 
substituents can be the same or different. X may be represented by either C(O) or S0 2 . If X is S0 2 , then A should not 

so be C(0)-D or tetrazole. 

R-, R 2 , and D may contain either a phenyl or an phenylalkyl substituent in which the phenyl ring maybe optionally 
substituted. There may be up to 3 substituents occuring on these phenyl rings and these substituents may be located 
at any of the ortho, meta, or para positions. The specific substitutions may be any of those listed above in the definition 
of substituted phenyl ring. Z may also be represented either by a substituted phenyl ring or an phenylalkyl substituent 

35 in which the phenyl ring may be substitued. These phenyl rings may also contain up to 3 substitutents which may be 
located at any of the ortho, meta, or para positions. The specific substitutions may be any of those listed above in the 
definition of substituted phenyl ring. 

R 1 , R 2 , and D may be represented by the same substituent or differing substitutents. Likewise R 4 and R 5 may be 
represented by the same substituted or differing substitutents. When Rg and R 7 are represented by hydrogen or a 

40 C-,_4 alkyl, they may represent the same or differing substituents. When F^ and R 7 form a hetrocyclic ring along with 
the indicated nitrogen atom, the nitrogen atom of the hetrocycle is always bonded to the adjacent alkyiene group. 

It is preferred for the indolyl ring to be substituted, more preferably for the substitution to occur at positions 4 and 
6, 5 and 6, or 6. It is also prefered that these substituents be halogen atoms such as chlorine atoms. It is preferred for 
B to be a non-hydrogen substituent and for A to be phenyl. 

45 Examples of compounds encompassed by the present invention include: 

1 ) 3-[(2-hydroxyphenacyl)amino]-2-carboxy-6-chloroindole; 

2) 3-[(phenacyl)amino]-2-carboxy-6-chloroindole; 

so 

3) 3-[(phenacyl)amino]-2-[(2-dimethylamino)carbethoxy]-6-chloroindole; 

4) 3-[(phenacyl)amino]-2-carbethoxy-6-chloroindoie; 

55 5) 3-[(2-acetoxyphenacyl)amino]-2-carbethoxy-6-chloroindole; 

6) 3-[(oxalyl)amino]-2-carboxy-6-chloroindole; 
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7) 3-[(methyloxalylate)amino]-2-carbmethoxy-6-ch loroindole; 
B) S-ItphenacylJmethylaminoJ-S-carboxy^.e-dichloroindole; 

9) 3-[(phenacyl)amino]-2-carboxy-4,6-dichloroindole; 

1 0) 3-[(oxalyl)amino]-2-carboxy^,6-dich loroindole; 

11 ) 3-[(3-pyridacyl)rnethylamino]-2-carboxy-4,6-dichloroindole; 

1 2) 34(3-pyrldacyl)methylamino]-2-carbethoxy-4,6-dichloroindole; 

1 3) 3-[(3-pyridacyl)amino]-2-carbethoxy-4,6-dich loroindole; 

1 4) 3-[(3-pyridacyI)amino]-2-carboxy-4,6-dichloroindole; 

15) 3-[(phenacyl)methylamino]-2-[(2-dimeto^ 

1 6) 3-[(phenacyl)methylamino]-2-carbethoxy-4,6-dichloroindole; 

1 7) 3-[(phenacyl)amino]-2-carbethoxy-4,6-dichloroindole; 

1 8) 3-[(methyloxalylate)amino]-2-carbethoxy-4,6-dichloroindole; 

19) 3-[(2-benzylphenacyl)amino]-2-carbethoxy-4,6-dich loroindole; 

20) 3-[(2-benzylphenacyl)amino]-2-carboxy-4,6-dich loroindole; 

21) 3-[(2-benzylphenacyl)methylamino]-2-carbethoxy-4,6-dich loroindole; 

22) 3-[ (2-benzylphenacyl)methy lam ino]-2-carboxy-4,6-dich loroindole; 

23) 3-[(phenylsulfonyl)amino]-2-carbethoxy-4,6-dich loroindole; 

24) 3-[(phenylsulfonyl)amino]-2-carboxy-4,6-dichloroindole; 

25) 3-[(phenacyl)ethylamino>2-carbethoxy-4,6-dich loroindole; 

26) 3-[(phenacyl)ethylamino]-2-carboxy-4,6-dichloroindole; 

27) 3-[(phenacyl)benzylamino]-2-carbethoxy-4,6-dichloroindole; 

28) 3-[(phenacyl)carbethoxymethyl-arnino]-2-carbethoxy-4,6-dichloroindole; 

29) 3-[(phenacyl)benzylamino]-2-carboxy-4,6-dich loroindole; 

30) 3-[(phenacyl)carboxymethyl-amino]-2-carboxy-4 l 6-dichloroindole; 

31) 3-[(phenylsulfonyl)methylamino]-2-carbethoxy-4,6-dichloroindole; 

32) 3-[(phenyisulfonyl)methyiamino]-2-carboxy-4,6-dichloroindole; 

33) 3-[(4-nitrophenacyl)amino]-2-carbethoxy-4,6-dichloroindole; 

34) 3-[(4-aminophenacyl)amino]-2-carbethoxy-4,6-dich loroindole; 

35) 3-[(methyloxalylate)benzylamino]-2-carbethoxy-4,6-dichloroindole; 
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36) 3-[(methyioxalylate)methylamino]-2-carb8thoxy-4,6-dichlorojndole; 

37) 3-[(4-nitrophenacyl)amino]-2-carboxy-4,6-dichloroindole; 
5 38) 3-[(oxaly l)benzylam ino]-2-carboxy-4, 6-dichloroindole; 

39) 3-[(oxalyl)methylamino)-2-cart>oxy-4,6-dichloroindole. 

A general synthetic procedure for the preparation of compounds of Formula la is set forth in Scheme la. In Scheme 
io |, all substituents, unless otherwise indicated, are as previously defined. 

is 

20 
25 
30 
35 
40 
45 
SO 



6 



BP 0 463 881 B1 



Scheme I 



10 



IS 




CN 



Base 



(1) 



NH2 Hal C-R-, (2) 
II 
O 



step a 




(3) 



il 

o 



20 



25 



Base 



stepb 




1) CI— X— A (5) 



2) Base 



stepc 



35 



40 



45 




Optional 
stepd-i 



(6) Optional 
stepd2 

Base 

Z'-Hal (9a) orZ'-OH(9b) 





N— X— A 



(8) 



55 



EP 0 483 881 B1 



Scheme I Cont. 
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R*1 = OR 3 

B* = C-,.C 4 alkyl, -CH 2 -COF=l2, or phenylalkyl 

Z" = C n -C 4 alkyl or phenylalkyl, phenyl or substitued phenyl 

40 Hal = CI or Br 



In general, an appropriate 3-amidoindolyl derivative of Formula la can be prepared in a multi-step process. 

In Scheme I, the 2-aminobenzonitrile derivative as described by structure (1 ) is obtained commercially or prepared 
from the appropriately substituted 2-nitrobenzotc acid by one of ordinary skill in the art. For example, the appropriate 
2-nitrobenzoic acid derivative can be converted to the acid chloride with a chlorinating reagent such as thionyl chloride 
and then coupled with tert-butylamine to provide the appropriately substituted amide. The nitro functionality is then 
reduced by reacting the derivative dissolved in a protic solvent such as ethanol with hydrogen in the presence of a 
catalyst such as palladium on carbon. The resulting aniline derivative is then dehydrated by treatment with trifluoro- 
acetic anhydride in an organic solvent such as methylene chloride at room temperature to afford the appropriately 
substituted 2-aminobenzonitrile of structure (1) as the N-trifluoroacetate which is used directly in step a of Scheme I. 

The appropriately substituted 2-aminobenzonitrile as described by structure (1) in Scheme I can be prepared using 
another method by one of ordinary skill in the art. For example, the appropriate 2-aminobenzoic acid derivative can be 
converted to the succinimide ester by treatment with triphenylphosphine, diethyl azodicarboxylate and N-hydroxy sue- 
cinimide in an organic solvent such as tetrahydrofuran to provide the succinimide ester. This is then treated with tert- 
butylamine at room temperature in an organic solvent such as tetrahydrofuran to provide the N-tert-butylamide deriv- 
ative. This compound is dehydrated with trifluoroacetic anhydride in an organic solvent such as methylene chloride at 
room temperture to afford the appropriately substituted 2-aminobenzonitrile of structure (1) as the N-trifluoroacetate 
which is used directly in step a of Scheme I. 
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Step a of Reaction Scheme I, a 2-aminobenzonitrile derivative as described by structure (1 ) is subjected to an 
alkylation reaction with an alkyl haloacetate derivative as described by structure (2) to produce an alkyl 2-anilinoacetate 
derivative as described by structure (3). 

The alkylation reaction of Step a can be carried out using techniques known in the art. Typically, the 2-aminoben- 
5 zonitrile derivative described by structure (1) is contacted with a molar excess of an alkyl haloacetate derivative as 
described by structure (2) and a molar excess of a base, such as potassium carbonate. The reactants are typically 
contacted in an organic solvent such as dimethylformamide. The reactants are typically stirred together for a period of 
time from about 24 hours to 6 days at a temperature range of from room temperature to reflux. The anilinoacetate 
derivative as described by structure (3) can be recovered from the reaction by techniques such as flash chromatography 
io it can then be optionally purified by recrystallization from a solvent such as hexane. 

In Step b of Reaction Scheme I, an alkyl 2-anilinoacetate derivative as described by structure (3) is cyclized with 
an appropriate non-nucleophilic base, such as potassium tert-butoxide, to produce a 2-carbalkoxy-3-amino indole as 
described by structure (4). 

The cyclization reaction of Step b can also be carried out using techniques known in the art. Typically, the alkyl 
is 2-anilinoacetate derivative as described by structure (3) is contacted with an equimolar amount of a base, such as 
potassium tert-butoxide. The reactants are typically contacted in an anhydrous organic solvent such as tetrahydrof uran. 
The reactants are typically stirred together for a period of time from about 3 hours to 24 hours at a temperature range 
of about 0°C to room temperature. The 2-carbalkoxy-3-amino indole as described by structure (4) can be recovered 
from the reaction by techniques such as flash chromatography. It can then be optionally purified by recrystallization 
20 from a solvent system such as hexane/ethyl acetate. 

In Step c of Reaction Scheme I, the amino functionality of a 2-carbalkoxy-3-amino indole as described by structure 

(4) is subjected to an acylation reaction with an appropriate acid chloride or sulfonyl chloride as described by structure 

(5) to produce a 3-amidoindolyl derivative as described by structure (6). 

The acylation reaction of step c can also be carried out using techniques known in the art. Typically, the 2-carbal- 
25 koxy-3-amino indole as described by structure (4) is contacted with a molar excess of an acid chloride or sulfonyl 
chloride and a molar excess of a base, such as triethylamine. The reactants are typically contacted in an anhydrous, 
organic solvent, such as tetrahydrof uran or methylene chloride. The reactants are typically stirred together for a period 
of time ranging from 5 minutes to 24 hours and at a temperature range of from room temperature to reflux. The 3-ami- 
doindolyl derivative as described by structure (6) can be recovered from the reaction by techniques such as recrystal- 
30 lization from a solvent system such as hexane/ethyl acetate. 

In addition, the 3-amidoindolyl derivative as described by structure (6) can be further functionalized as described 
by Optional Steps d-g in Reaction Scheme I. 

For example, in Optional Step d 1t the indole nitrogen functionality of the 3-amidoindolyl derivative as described 
by structure (6) can be subjected to an alkylation reaction to produce a 3-amido-l-alkylindoiyl derivative as described 
35 by structure (7). 

One method for carrying out the alkylation reaction of optional step o^ can be carried out using techniques known 
in the art. Typically, the 3-amidoindolyl derivative as described by structure (6) is first contacted with a molar excess 
of a base, such as sodium hydride. The reactants are typically contacted in an anhydrous organic solvent, such as 
tetrahydrof uran or dimethylformamide. The reactants are typically stirred together for a period of time ranging from 15 
40 minutes to 5 hours and at a temperature range of from 0°C to room temperature. 

A molar excess of an alkyl halide derivative as described by structure (9a) is then added and the reactants are 
stirred together for a period of time ranging from 2 hours to 24 hours and at a temperature range of from -1 0°C to room 
temperature. The 3-amido-l-alkylindolyl derivative as described by structure (7) is recovered from the reaction by tech- 
niques such as flash chromatography. It can then be optionally purified by recrystallization from a solvent system such 
45 as ethyl acetate/hexane. 

Another suitable alkylation method is to contact a compound as described by structure (6) with a molar excess of 
triphenylphosphine, a molar excess of diethylazodicarboxylate, and an appropriate alcohol derivative as described by 
structure (9b). The reactants are typically contacted in an anhydrous organic solvent, such as tetrahydrof uran. The 
reactants are typically stirred together for a period of time ranging from 1 hour to 24 hours and at a temperature range 
so of from 0°C to room temperature. The 3-amido-1 -alkyltndolyl derivative as described by structure (7) is recovered from 
the reaction by techniques such as flash chromatography. It can then be optionally purified by recrystallization from a 
solvent system such as ethyl acetate/hexane. 

In Optional Step d 2 , the indole nitrogen functionality of the 3-amidoindolyl derivative as described by structure (6) 
can be protected by a suitable protecting group, such as tert-butyloxycarbonyl, to allow further functionalization. 
55 The protection step of optional step d 2 can also be carried out using techniques known in the art. Typically, the 

3-amidoindolyl derivative as described by structure (6) is contacted with an equimolar amount of di-tert-butyl dicarbo- 
nate and a catalytic amount of a base, such as dimethylaminopyridine. The reactants are typically contacted in an 
organic solvent, such as tetrahydrof uran. The reactants are typically stirred together for a period of time ranging from 
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1 hour to 24 hours at a temperature range of from room temperature to reflux. The protected 3-aminoindolyl derivative 
as described by structure (8) can be recovered from the reaction by techniques such as flash chromatography. It can 
then by optionally purified by recrystallization from a solvent system such as ethyl acetate/hexane. 

In Optional Step e, the 3-amido functionality of the suitably protected 3-amidoindolyl derivative as described by 
structure (7) can be subjected to an alkylation reaction to produce a 3-amidoindolyl derivative as described by structure 

(11) . Reactants and reaction conditions are typically as described previously in optional step d^ 

In Optional Step f, the indole nitrogen protecting group functionality of the 3-amidoindolyl derivative as described 
by structure (11 ) can be removed under acidic conditions to produce a 3-N-alkylamidoindoiyl derivative as described 
by structure (12). 

The deprotection reaction of optional step f can also be carried out using techniques well known in the art. Typically, 
the protected 3-amidoindolyl derivative described by structure (11) is contacted with a molar excess of an acid, such 
as trifluoroacetic acid. The reactants are typically contacted in an organic solvent, such as methylene chloride. The 
reactants are typically stirred together for a period of time ranging from 1 hour to 24 hours at a temperature range of 
0°C to reflux. The 3-N-alkylamidoindolyl derivative as described by structure (12) can be recovered from the reaction 
by techniques such as flash chromatography. It can then be optionally purified by recrystallization from a solvent system 
such as ethyl acetate/hexane. 

In Optional Step g, the indole nitrogen functionality of the 3-N-alkylamidoindoiyl derivative as described by structure 

(12) can be subjected to an alkylation reaction to produce a 3-amidoindolyl derivative as described by structure (13). 
Typically, the reactants and reaction procedures are as described previously in optional step o^ . 

In addition, those 3-amidoindolyl compounds of structures (6), (7), (1 2), and (1 3) in which either and/or R 2 are 
represented by -OC n -C 4 , can be further functionalized by either a deprotection reaction and/or an additional function- 
alization reaction. 

The deprotection reaction can be carried out using hydro lytic techniques known per se. Typically, the protected 
3-amidoindolyl derivative as described by structures (6), (7), (1 2), or (1 3), in which either R, and/or R 2 are represented 
by -OC r C 4 , is subjected to a basic hydrolysis. The compound is contacted with a 2 to 3 molar excess of an inorganic 
base such as lithium hydroxide. The hydrolysis is carried out at a temperature range of from about 25°C to about 50°C 
for a period of time ranging from 1 to 5 hours. The desired compound of Formula la can then be recovered from the 
reaction zone by flash chromatography and optionally purified by recrystallization from a solvent system such as ethyl 
acetate/hexane. 

The various ester and amide derivatives encompassed by Formula la can be prepared by techniques known in 
the art. One method of preparing the amide derivatives is to contact a compound of Formula la, in which either R, and/ 
or R 2 is represented by -OH, with a halogenating agent such as thionyl chloride, oxalyl chloride, phosphorus oxychloride, 
phosphorus pentachloride, etc. The resulting mono or diacid halides is then contacted with an excess of an amine 
represented by -HNR 3 R 4 , in which R 3 and R 4 are as previously defined. In a similar fashion, the ester derivatives can 
be prepared by contacting the mono or diacid halides with an excess of an alcohol represented by HOC-,-C 4 . 

Another suitable esterification method is to contact a compound of Formula la, in which either R, and/or R 2 are 
represented by OH, with a base, such as diethylisopropylamine, in a polar inert solvent, such as dimethylformamide, 
dimethylsulfoxide, acetonitrile, acetone or tetrahydrofuran, thereby forming a mono or bis carboxylate salt. The mono 
or bis carboxylate salt is then contacted with 2 to 5 equivalents, preferable about 2.5 equivalents, of an alkylhalide 
corresponding to the desired ester, and allowed to react at a temperature of about 25°C for a period of time ranging 
from 16-24 hours. The reaction mixture is then quenched with dilute aqueous acid and extractive work-up known in 
the art affords the mono or diester compounds of Formula la, which can be purified by standard methods such as 
chromatography or recrystallization. 

Another suitable esterification method is to contact a compound of Formula la, in which either Ft, and/or R 2 are 
represented by OH, with an alcohol of the formula HOC r C 4 in the presence of an acid such as sulfuric acid. The 
esterification is typically conducted at elevated temperatures. The desired compound of Formula la can then be re- 
covered from the reaction zone by flash chromatography and optionally purified by recrystallization from a solvent 
system such as ethyl acetate/hexane. 

Another suitable esterification method is to contact a compound of Formula la, in which either F^ and/or R 2 are 
represented by OH, with a molar excess of an alcohol of the formula HOC r C 4 , a molar excess of triphenylphoshine, 
and a molar excess of diethylazodicarboxylate. The reactants are typically contacted in an anhydrous organic solvent, 
such as tetrahydrofuran. The reactants are typically stirred together for a period of time ranging from 1 hour to 24 hours 
and at a temperature range of from 0°C to room temperature. The ester derivative is recovered from the reaction by 
techniques such as flash chromatography. It can then be optionally purified by recrystallization from a solvent system 
such as ethyl acetate/hexane. 

Amides can also be prepared by contacting esters of Formula la, in which either R., and/or R 2 are represented by 
-OC r C 4 with an amine of the formula HNR 3 R 4 at a temperature of from 0-1 00° C for a period of time ranging from 1 -48 
hours in an intert solvent such as tetrahydrofuran. The resulting amide derivative of Formula la can then be isolated 
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and purified by techniques known in the art. 

The starting materials for use in the general synthetic procedure outlined in Scheme I are readiiy available to one 
of ordinary skill in the art. 

A general synthetic procedure for the preparation of compounds of Formula lb is set forth in Scheme II. In Scheme 
s II, all substituents, unless otherwise indicated, are as previously defined. 




In general, an appropriate 3-amidoindolyl derivative of Formula lb can be prepared in a multi-step synthesis. 

In Scheme II step a, the 2-carboxyindolyl derivative (14) prepared as described previously in Scheme I, is treated 
with a chlorinating agent such as thionyl chloride in an organic solvent such as toluene with heat, followed by treatment 
with tert-butylamine to yield the appropriately substituted 2-carboxamidoindoie of structure (15). 

In Scheme M step b, the 2-carboxamidoindolyl derivative of structure (15) can then be dehydrated by treatment 
with trifluoroacetic anhydride in an organic solvent such as methylene chloride at room temperture to provide the 
2-cyanoindolyl derivative of structure (16). 

In Scheme I! step c, the 2-cyanoindoyl derivative of structure (16) can then be treated with tributyltin chloride and 
sodium azide in an organic solvent such as N-methylpyrrolidinone at 70°C for approximately 70 hours(Carini,D.J. et 
al. J.Med.Chem. (1991 ), 34, 1834). After cooling, a workup and purification familiar to one skilled in the art will yield 
the appropriately substituted 2-tetrazole indole as described by Formula lb. 

Ageneral synthetic procedure for the preparation of compounds of Formula la where A and/or R 1 can be atetrazole 
substituent is set forth in Scheme III. In Scheme III, all substituents, unless otherwise indicated, are as previously 
defined. 
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Scheme III 
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Scheme III continued 
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In general, an appropriate 3-amidoindolyl derivative of Formula la, where A and/or R 1 are tetrazole substituents, 
can be prepared in a multi-step process. 

In Scheme ill step a, the appropriately substituted 3-aminoindole of structure (17) can be treated with an equivalent 
of methyl oxalyl chloride, in the presence of an organic amine acid scavenger, in an organic solvent such as tetrahy- 
drofuran at room temperture to provide the 3-amidoindolyl derivative of structure (18). 

The 3-aminoindolyl derivative of structure (18) can optionally be N-alkylated in Scheme ill step b, following the 
procedure previously set forth in Scheme I to provide the 3-aminoindolyl derivative of structure (1 9). 

The 3-amtnoindolyl derivative of structure (19) can again be optionally N-aikylated in Scheme III step c, following 
the procedure previously set forth in Scheme I to provide the 3-aminoindolyl derivative of structure (20). 

The appropriately substituted 3-aminoindole of structure (20) can then be selectively deprotected by treatment 
with one equivalent of base such as lithium hydroxide in a solvent mixture such as tetrahydrofu ran/water at room 
temperature to provide the monoacid of structure (21 ). 

The monoacid of structure (21) can then be converted to the amide derivative of structure (22) by treatment with 
triphenylphosphine, diethyl azodicarboxylate and N-hydroxysuccinimide in an organic solvent such as tetrahydrofu ran 
to provide the succinimide ester. This is then treated with tert-butyiamine at room temperature in an organic solvent 
such as tetrahydrofuran to provide the amide derivative of structure (22). This can then be converted to the tetrazole 
derivative of structure (24) by following steps f and g which have been previously described in Scheme II, steps b and 
c. Compound (24) can then be deprotected by treatment with trifluoroacetic acid in an organic solvent such as methylene 
chloride at room temperature to provide the tetrazole derivative of structure (25). 

Steps e, f and g of Scheme III can then be repeated on the 2-carboxyindolyl derivative of structure (25) to provide 
the appropriately substituted ditetrazole derivative of structure (26). 

A general synthetic procedure for the preparation of compounds of Formula Ic is set forth in Scheme IV. In Scheme 
IV, all substituents unless otherwise indicated are as previously defined. 
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Scheme IV 




In general, an appropriate 3-amidoindolyl derivative of Formula Ic can be prepared as described by Scheme IV 
The appropriately substituted 3-amidoindolyl of structure (14) can be treated with an excess of a chlorinating reagent 
such as thionyl chloride in an organic solvent such as toluene at a temperature of 23 > -80°C for 1 hour to 6 hours. The 
resulting acid chloride of structure (14) is then treated with a molar equivalent of 5-aminotetrazole in an organic solvent 
such as methylene chloride at room temperature for 1 hour to 1 day to provide the 3-amidoindolyl derivative of structure 
(27). 

The starting materials for use in the general synthetic procedures outlined in Schemes II, ill and IV are available 
to one skilled in the art. 

The following examples present typical syntheses as described by Scheme I through Scheme IV. These examples 
are understood to be illustrative only. As used in the following examples, the following terms have the meanings indi- 
cated: M g" refers to grams, "mmol" refers to millimoles, n mL" refers to milliliters, BO C" relers to degrees Celsius, TLC" 
refers to thin layer chromatography, n mg" refers to milligrams, ■uL" refers to microliters, "eq" refers to equivalents. 

Example 1 

Preparation of 3-f(2-Acetoxyphenacvl)amino1-2-carbmethoxv-6-chloroindole 




Step a: 2-(Carbmethoxv)methylaminO"4-chlorobenzonitrile 

Dissolve 2-amino-4-chlorobenzonitrile (12.9g, BSmmol) in anhydrous dimethylformamide (15mL). Add potassium 
carbonate (7.6g t 90mmol) and methyl bromoacetate (7.8mL, 90mmol) and stir at 70°C for 5 days. Add additional 
methyl bromoacetate (7.8mL, 90mmol) and continue heating for 1 day. Dilute with ethyl acetate (300mL), wash 
with water, separate the organic phase and dry (MgS0 4 ). Evaporate the solvent in vacuo and purify by flash chro- 
matography (25% ethyl acetate/hexane). Recry stall ize (hexane) to give the title compound (7g, 36%). 

Step b: 3-Amino-2-carbmethoxy-6-chloroindo!e 

Dissolve potassium tert-butoxide (44mmol) in anhydrous tetrahydrofuran (80mL) and cool to 5°C. Add a solution 
of 2-(carbmethoxy)methylamino-4-chlorobenzonitrile (10g, 44mmol) in anhydrous tetrahydrofuran (80m!_). Allow 
to warm to room temperature and stir for 3 hours. Pour into water/ethyl acetate, separate the organic phase and 
dry (MgS0 4 ). Evaporate the solvent in vacuo and purify by flash chromatography (25% ethyl acetate/hexane fol- 
lowed by 50% ethyl acetate/hexane) and recrystallize (ethyl acetate/hexane) to give the title compound; first crop 
(5.5g, 55%) and second crop (1.9g, 19%). 
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Step c: 3-f(2-Acetoxvphenacvl)amino}-2-carboxy-6-chloroindo)e 

Dissolve 3-amino-2-carbmethoxy-6-chloroindole (1g, 4.4mmol) in anhydrous tetrahydrofuran (50mL). Add triethyl- 
amine (4.8mmol) and acetylsalicyl chloride (4.Bmmol) and stir for 5 minutes. Dilute into ethyl acetate (500mL), 
separate the organic phase, wash with water, saturated sodium hydrogen carbonate and saturated sodium chloride. 
Dry and evaporate the solvent in vacuo. Recrystallize to give the title compound (1.3g, 79%); mp 1B4-B6°C. 
Anal. Calcd for C 19 H 15 CIN 2 0 5 : C, 59.00; H, 3.91; N, 7.24; Found: C, 58.90; H, 3.88; N, 7.11. 

Example 2 

Preparation of 3-f(2-Hvdroxyphenacvl)amino1>2-carboxv-6-chloroindole 




Dissolve 3-[(2-acetoxyphenacyl)amino]-2-carbmethoxy-6-chloroindole (BOOmg, 2.15mmol) in tetrahydrofu ran/water 
(20mL, 1/1 ). Add lithium hydroxide monohydrate (932mg, 8.5mmol). Seal the flask and warm to 60°C for 3 hours. Dilute 
with ethyl acetate/water, acidify and separate the organic phase. Dry, precipitate with hexane and filter the solid to.give-, 
the title compound (358mg, 50%); mp 198-200°C (dec). 

Example 3 



Preparation of 3-[(Phenacyl)amino]-2-carbmethoxv-6-chloroindole 




Dissolve 3-amino-2-caromethoxy-6-chloroindole (500mg, 2.22mmol) in methylene chloride (10mL). Add triethylamine 
(334u,L, 2.4mmol) and benzoyl chloride (2.4mmol) and stir for 1 hour Dilute into ethyl acetate (300mL), wash with 
water and saturated sodium chloride. Dry and evaporate the solvent in vacuo. Recrystallize to give the title compound; 
first crop (570m g, 78%) and second crop (70m g, 9%); mp 242-43° C. 



15 



EP 0 483 881 B1 

Example 4 

Preparation of 3-f(Phenacvl)amino1-2^arboxv-6-chloroindole 




f5 Dissolve 3-[(phenacyl)amino]-2-carbmethoxy-6-chloroindole (480mg, 1 .46mmol) in tetrahydrofuran/water (20mL, 1 /1 ). 
Add lithium hydroxide monohydrate (316mg, 2.92mmol). Seal the flask and warm to 60° C for 3 hours. Dilute with ethyl 
acetate/water (50mL/50mL) and separate the organic phase. Acidify the aqueous phase and extract with ethyl acetate. 
Dry (MgS0 4 ) the combined organic phases and concentrate in vacuo. Precipitate with hexane to give the title com- 
pound; first crop (2B9mg, 63%) and second crop (74mg, 16%); mp 205-21 0°C (dec). 

20 

Example 4a 

Preparation of 3-f(phenacyl)methylaminol-2-carbmethoxy-6-chioroindoie 

25 



30 




Scheme I, step d 0 : 3-[(phenacyl)aminol-2-carbmethoxv-6-chloro-1-(tert-butyloxvcarbonvl)-indole 

Mix 3-[(phenacyl)amino]-2-carbmethoxy-6-chloroindole (130mg, 0.395mmol), di-tert-butyl dicarbonate (89mg, 
0.395mmol), tetrahydrofuran (5mL), dimethylaminopyridine (4mg) and stir at room temperture overnight. Dilute the 
40 reaction with ethyl acetate (25mL), wash with water, dry over magnesium sulfate, filter and concentrate in vacuo. 
Recrystaliize the residue from ethyl acetate/hexane to yield the title compound as a white fluffy solid (160mg, 95%). 

Scheme I, step e: 3-r(phenacvl)methvlamino1-2-carbmethoxv-6-chloro-1-(tert-butyloxvcarbonvl)-indo{e 

45 Suspend sodium hydride (1 4.4mg of a 60% dispersion, 0.36mmol) in anhydrous tetrahydrofuran (ImL) and cool to 

0°C under a nitrogen atmosphere. Add 3-[(phenacyl)amino]-2-carbmethoxy-6-chloro-1-(tert-butyloxycarbonyl)-indole 
(140mg, 0.326mmol) in tetrahydrofuran/dimethylformamide (2mL, 3:1) dropwise to the suspension. Stir at 0°C for 30 
minutes. Add methyl iodide (0.0224mL, 0.36mmol) and stir for 30 minutes at 0°C. Warm the reaction to room temper- 
ature and quench with water and extract with ethyl acetate. Rinse the organic phase with saturated sodium chloride, 

so dry over magnesium sulfate, filter and concentrate in vacuo to yield the title compound (1 30mg). 

Scheme I, step f: 3-f(phenacyl)methvlamino1-2-carbmethoxv-6-chloroindole 

Dissolve 3-[(phenacyl)methylamino]-2-carbmethoxy-6-chloro-1 -(tert-butyloxycarbonyl)-indoie from above in meth- 
55 ylene chloride (3mL). Add trifluoracetic acid (ImL) and stir for 2 hours. Dilute into ethyl acetate and rinse with saturated 
sodium bicarbonate. Dry the organic phase over magnesium sulfate, filter and concentrate in vacuo to yield the title 
compound. 
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Example 4b 

Preparation of 3-ffphenacvl)methylaminoV2>carboxv>6-chloroindole 



CI 




II 
0 



H 



Dissolve 3-[(phenacyl)methyiamino]-2-carbrnethoxy-6-chloroindole from above, in tetrahydrof uran (5mL) and water 
(5mL). Add lithium hydroxide and stir tor 8 hours at 40°C. Dilute the reaction with water(IOmL) and ethyl acetate (1 OmL). 
Separate the layers and acidify the aqueous layer. Extract the aqueous with ethyl acetate, dry the organic phase over 
magnesium sulfate, filter and concentrate in vacuo. Recrystallize from ethyl acetate/hexane to yield the title compound 
(75mg); mp 250°-255°C. 

Anal. Calcd for C 17 H 13 CIN 2 0 3 : C, 62.11; H, 3.99; N, 8.52; Found: C, 61.77; H, 4.20; N, 8.62. 
Example 4c 

Preparation of 3-r(m-fluorophenacyl)amino1-2-carbmethoxv-6-chloroindole 



Suspend the 3-amino-2-carbmethoxy-6-chloroindole (1 g, 4.45mmol) in methylene chloride (50mL) and add triethyl- 
amtne (0.41 6mL, 4.6mmol) to produce a mostly clear solution. Add the m-fluorobenzoyl chloride (0.561 mL, 4.6mmoi) 
and stir for five minutes at room temperature to produce a thick white precipitate. Dilute the reaction with ethyl acetate 
(700m L), rinse with water, dry over magnesium sulfate, filter and concentrate in vacuo to 3O0mL. Recrystallize by 
adding hot hexane (150mL) to the already hot solution of ethyl acetate to yield the title compound. 

Example 4d 

Preparation of 3-[(m-fluorophenacv0methylamino1-2-carbmethoxv-6-chloroindole 
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Scheme I, step oV 3-r(m-fluorop henacvnaminol-2-carbmethoxv-6-cm 

Mix 3-[(m-fluorophenacyl)amino]-2^carbmethoxy-6-chbroindole (1.5g, 4.3mmol), di-tert-butyl dicarbonate 
(982mg, 4.5mmol), tetrahydrofuran (5mL), dimethylaminopyridine (42mg, 0.4mmol) and stir for several minutes. Dilute 
the reaction with ethyl acetate, wash with water, dry over magnesium sulfate, filter and concentrate in vacuo to yield 
the title compound. 

Scheme I. step e: 3-r(m-f)uorophe nacvttmBthvlam^ 

Suspend sodium hydride (120mg of a 60% dispersion, 3mmoI) in anhydrous tetrahydrofuran (3mL) and cool to 
0 D C under a nitrogen atmosphere. Add 3-[(phenacyl)amino]-2-carbmethoxy-6-chloro-1-(tert-butyloxycarbonyl)-indole 
(1 . 3g, 2.9mmol) in tetrahydrof u ran/dimethylformamide (1 OmL, 3: 1 ) dropwise to the suspension producing a clear yellow 
solution at 15 minutes. Stir at 0°C for 30 minutes. Add methyl iodide <.186mL, 3mmol). Warm the reaction to room 
temperature and stir overnight. Quench with water (20mL) and extract with ethyl acetate (20mL). Rinse the organic 
phase with saturated sodium chloride, dry and concentrate in vacuo to yield the title compound. 

Scheme I, step f: 3-ffm -fluorophenacvl)methvlamino]-2-carbmethoxv-6-chloroindole 

Dissolve 34(m-fluorophenacyl)methylamino]-2^rbmethoxy^^hloro-l-(tert-butyloxyc^rbonyl)-indole from above 
in methylene chloride (5mL). Add trifluoracetic acid (5mL) and stir for 4 hours at room temperture. Dilute with ethyl 
acetate (50mL) and rinse with 1 N sodium hydroxide, saturated sodium chloride, dry over magnesium sulfate, filter and 
concentrate in vacuo Purify the residue by flash chromatography (30% ethyl acetate/hexane) and recrystallize from 
ethyl acetate/hexane to yield-the title compound (700mg, 70%). 

Example 4e 

Preparatio n of 3-ffm-fluorophenacvl)methvlamino1-2-carboxy-6-chloroindole 



Dissolve 3-[(m-fluorophenacyl)methylamino]-2-carbmethoxy-6-chloroindole (650mg, 1.8mmol) in tetrahydrofuran 
(10mL) and water (10mL). Add lithium hydroxide (227mg, 5.4mmol). Add methanol dropwise until an homogeneous 
solution forms. Stir the reaction at room temperature overnight. Dilute the reaction with water(IOmL) and ethyl acetate 
(25mL). Acidify with 1N HCI and separate the layers. Dry the organic phase over magnesium sulfate, filter and con- 
centrate 50% with heat. Reconstitute with hot hexane. Repeat the concentration and reconstitution steps and cool to 
yield the title compound (550mg, 89%); mp 258 e> -260°C. 

Anal. Cafcd for C 17 H 12 CIFN 2 0 3 : C, 58.88; H, 3.49; N, 8.08; Found: C, 58.63; H, 3.44; N, 7.78. 
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Example 4f 

Preparation of 3-f(P-fluorophenacvnamino1-2-carbmethoxy-6-chloroindole 



5 



w 




Suspend the 3-amino-2-carbmethoxy-6-chloroindole (1 .15g, 5.12mmol) in methylene chloride (80mL) and add triethyl- 
amine (0.497ml_, 5.5mmol). Add the p-fluorobenzoyl chloride (0.650mL, 5.5mmol) and stir for 30 minutes at room 
temperature to produce a precipitate. Dilute the reaction with ethyl acetate (150mL), rinse with water, dry over mag- 
nesium sulfate, filter and concentrate in vacuoto yield the title compound. 

20 

Example 4g . 
Preparation of 3-[(p-fluorophenacvl)methylamino1-2-carbmethoxv-6-chloroindole 

25 



30 




Scheme I, step d 0 : 3-r(p-fluorophenacyl)amino1-2-carbmethoxv-6-chloro-1-(tert-butvloxvcarbonyl)-indole 

Mix 3-[(p-fluorophenacyl)amino]-2-carbmethoxy-6-chloroindole (1 .7g, 5.12mmol), di-tert-butyl dicarbonate (1 .1 3g, 
5.12mmol), tetrahydrofuran (50mL), dimethylaminopyridine (52mg, 0.5mmol) and stir for 6 hours. Dilute the reaction 
40 with ethyl acetate, wash with water, dry over magnesium sulfate, filter and concentrate in vacuoto yield the title com- 
pound. 

Scheme I, step e: 3-r(p-f)uorophenacvl)methvlamino1-2-carbmethoxv-6-chloro-1-(tert-butvloxycarbonvl)-indole 

^5 Suspend sodium hydride (240mg of a 60% dispersion, 6mmol) in anhydrous tetrahydrofuran (3mL) and cool to 

0°C undera nitrogen atmosphere. Add 3-[(p-fluorophenacyl)amino]-2-carbmethoxy-6-chloro-1 -(tert-butyloxycarbonyl)- 
indole (2.5g, 5.6mmol) in tetrahydrofuran/dimethylformamide (10mL, 3:1 ) dropwisetothe suspension producing a clear 
yellow solution at 15 minutes. Stir at 0°C for 30 minutes. Add methyl iodide (0.371 mL, 6mmol). Warm the reaction to 
room temperature and stir overnight. Quench with water (20mL) and extract with ethyl acetate (20mL). Rinse the 

so organic phase with saturated sodium chloride, dry and concentrate in vacuo to yield the title compound. 

Scheme I, step f: 3-f(p-fluorophenacvl)methyIamino1-2-carbmethoxv-6-chloroindole 

Dissolve 3-[(p-fluorophenacyl)methylamino]-2-carbmethoxy-6*chloro-l-(tert-butyloxycarbonyl)-indole from above 
55 in methylene chloride (5mL). Add trifluoracetic acid (5ml) and stir for 4 hours at room temperture. Dilute with ethyl 
acetate (50mL) and rinse with 1 N sodium hydroxide, saturated sodium chloride, dry over magnesium sulfate, filter and 
concentrate in vacuo. Purify the residue by flash chromatography (30% ethyl acetate/hexane) and recrystallize from 
ethyl acetate/hexane to yield the title compound (1.0g, 62%). 
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Example 4h 

Preparation of 3-rfp-f} uorophenacvnmethvIamlno1-2>carfaoxv-6-chloroindole 




Dissolve 34(p-fluorophenacyl)methylamino]-2^rbmethoxy-6-chioroindole (650mg, 1.8mmol) in tetrahydrofuran 
(10mL) and water (10mL). Add lithium hydroxide (227mg, 5.4mmol). Add methanol dropwise until an homogeneous 
solution forms. Stir the reaction at room temperature overnight. Dilute the reaction with water(10mL) and ethyl acetate 
(25mL). Acidify with 1N HCI and separate the layers. Dry the organic phase over magnesium sulfate, filter and con- 
centrate 50% with heat. Reconstitute with hot hexane. Repeat the concentration and reconstitution steps and cool to 
yield the title compound (560mg, 90%); mp 248°-250°C. 

Anal. Calcd for C 17 H l2 C!FN 2 0 3 : C, 58.88; H, 3.49; N, 8.08; Found: C, 58.75; H, 3.43; N, 7.70. 
Example 4i 

Preparation of 3>r(3.4-d ifluorophenacyl)amino1-2-carbmethoxv-6-chloroindole 




Suspend the 3-amino-2-carbmethoxy-6-chloroindole (1.1 5g, 5.2mmol) in methylene chloride (80mL) and addtriethyl- 
amine (0.497mL, 5.5mmol). Add the 3,4-difiuorobenzoyl chloride (0.692mL, 5.5mmol) and stir for 30 minutes at room 
temperature to produce a precipitate. Dilute the reaction with ethyl acetate, rinse with water, dry over magnesium 
sulfate, filter and concentrate in vacuo to yield the title compound. 

Example 4i 

Preparation of 3-rf3.4- difluorophenacy^methvlamino1-2-carbmethoxv-6-chloroindole 
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Scheme I, step do: 3-r(3,4-difluorophenacyl)amino1-2-carbmethoxv-6-ch^ 

Mix 3-[(3,4-difluorophenacyl)amino]-2-carbnnethoxy-6-chloroindole (5.2mmol), di-tert-butyl dicarbonate (1.19g, 
5.4mmol) t tetrahydrofuran (50mL), dimelhylaminopyridine (52mg, 0.5mmol) and stir for 6 hours. Dilute the reaction 
s with ethyl acetate, wash with water, dry over magnesium sulfate, filter and concentrate in vacuo to yield the title com- 
pound. 

Scheme I, step e: 3-f(3,4-difluorophenacvnmethvlamino^ 

Suspend sodium hydride (188mg of a 60% dispersion, 4.7mmol) in anhydrous tetrahydrofuran (3mL) and cool to 
0°C under a nitrogen atmosphere. Add 3-[(phenacyl)amino]-2-carbmethoxy-6-chioro-1-(tert-butyloxycarbonyl)-indole 
(2g, 4.3mmol) in tetrahydrofuran/dimethylformamide (10mL, 3:1) dropwise to the suspension producing a clear yellow 
solution at 15 minutes. Stir at 0°C for 30 minutes. Add methyl iodide (.291 mL, 4.7mmol). Warm the reaction to room 
temperature and stir overnight. Quench with water (20m L) and extract with ethyl acetate (20mL). Rinse the organic 
phase with saturated sodium chloride, dry and concentrate in vacuo to yield the title compound. 

Scheme I, step f: 3-r(3,4"drfluorophenacyl)methvlaminol-2-carbmethoxv-6-chloroindole 

Dissolve 3-[{3,4-difiuorophenacyl)methylarnino]-2-carbmethoxy-6-chloro-1-(tert-butyloxycarbonyl)-indole from 
20 above in methylene chloride (5mL). Add trifluoracetic acid (5mL) and stir for 4 hours at room temperture. Dilute with 
ethyl acetate (50mL) and rinse with 1N sodium hydroxide, saturated sodium chloride, dry over magnesium sulfate, 
filter and concentrate in vacuo. Purify the residue by flash chromatography (30% ethyl acetate/hexane) and recrystallize 
from ethyl acetate/hexane to yield the title compound (1.0g, 62%). 

25 Example 4k 

Preparation of 3-[(3,4-difluorophenacvl)methylamino1-2-carboxv-6-chloroindole 



H.C O 

I « F 

H O 



40 Dissolve 3-[(3,4-difluorophenacyl)methylamino]-2-carbmethoxy-6-chloroindole (650mg, 1.7mmol) in tetrahydrofuran 
(10mL) and water (10mL). Add lithium hydroxide (227mg, 5.4mmol). Add methanol dropwise until an homogeneous 
solution forms. Stir the reaction at room temperature overnight. Dilute the reaction with water (10mL) and ethyl acetate 
(25mL). Acidify with 1N HCI and separate the layers. Dry the organic phase over magnesium sulfate, filter and con- 
centrate 50% with heat. Reconstitute with hot hexane. Repeat the concentration and reconstitution steps and cool to 

45 yield the title compound (510mg, 82%); mp 260°-264°C. 

Anal. CalcdforC 17 H 11 ClF 2 N 2 0 3 : C, 55.98; H, 3.04; N, 7.68; Found: C, 56.07; H, 3.06; N, 7.40. 



so 



55 
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Example 4L 

Preparation of 3-r(phenacvhmethylamino1-2-carboxv-6-fluoroindole 




Step 1. Preparation of starting material: 2-amino^-fluorobenzonitrile: 

Suspend 4-fluoro-2-nitro-benzoic acid (4.5g, 24.3mmol) in toluene (20mL), add thionyl chloride (22.5mL) seal the 
flask and warm to 50° C for 3 hours. Concentrate the reaction in vacuo and reconcentrate two more times from 
toluene. Place under high vacuum for 1 hour Dissolve the acid chloride in methylene chloride (40mL) and add t- 
butylamine (1 3.5mL). Stir the reaction at room temperature. Concentrate the reaction in vacuo to yield the 4-fluoro- 
2-nitro-tert-butyibenzamide as an off white solid (5.5g, 95%); mp 1 42°-1 43°C. 
Anal. Calcd for C 11 H 1 3FN 2 0 3 : C, 55.00; H, 5.45; N, 11.66; Found: C, 55.09; H, 5.19; N, 11.63. 

Step 2. Dissolve the above product (5g, 21mmol) in ethanol (20mL) and purge the flask with nitrogen. Add 10% 
palladium on carbon (200mg) and place under hydrogen at 50psL Shake the reaction for 2 hours. Filter the reaction 
through diatomaceous earth and concentrate the filtrate in vacuo. Purify the residue by flash chromatography (25% 
ethyl acetate/hexane) and recrystallize the purified product from ethyl acetate/hexane to yield the 4-f luoro-2-amino- 
tert-butylbenzamide ; mp 116°-117°C. 

Anal. Calcd for C^H^FNgO: C, 62.84; H, 7.19; N.13.32; Found: C, 62.74; H, 6.94; N, 13.08. 

Step 3. Dissolve the above product (2.87g, 14.24mmo!) in methylene chloride (70mL) and add trifluoroacetic an- 
hydride (10mL, 71mmol). Stir the reaction at room temperature for 8 hours under a nitrogen atmosphere. Rinse 
the reaction with saturated sodium bicarbonate and concentrate in vacuo. Recrystallize the residue from methylene 
chloride/hexane to yield the 2-trifluoromethylacetamide-4-fluorobenzonitrile as colorless needles (3.2g, 97%); 
104°-105°C. 

Anal. Calcd for C 9 H 4 F 4 N 2 0: C, 46.56; H, 1.74; N, 12.07; Found: C, 46.67; H, 1.53; N, 12.09. 

Scheme I, step a: 2-(Carbethoxv)methylamino-4-f)uorobenzonitrile. Dissolve the 2-trifluoromethylacetamide- 
4-fluorobenzonitrile (Ig, 4.3mmol) in dimethylformamide (4mL) under an atmosphere of nitrogen. Add ethyl bro- 
moacetate (0.954mL, 8.6mmol), potassium carbonate (1.1g, 8.6mmol) and heat to 50° C for 2.5 hours. Dilute the 
reaction with ethyl acetate and rinse the organic phase with water. Dry the organic phase, filter and concentrate 
in vacuo to yield the title compound (1 .1 g). 

Scheme I, step b: 3-Amino-2-carbethoxy-6-fluoroindole. Dissolve 2-(Carbethoxy)methylamino-4-fluorobenzonitrile 
(220mg, Immol) in tetrahydrofuran (3mL) and add dropwise with stirring to a solution of potassium tert-butoxide 
(1 ml_ of a 1 M solution in 1 mL tetrahydrofuran) under a nitrogen atmosphere. After 1 hour, dilute with ethyl acetate, 
rinse with water, dry the organic phase and concentrate in vacuo to yield the title compound (170mg, 77%). 

Scheme I, step c: 3-f(Phenacyl)amino1-2-carbethoxv-6-fiuoroindoie. Suspend 3-Amino-2-carbethoxy-6-fluoroin- 
dole (l.leq) in methylene chloride and add triethylamine (l.leq). Add benzoyl chloride (l.leq) and stir for 30 minutes 
at room temperature to produce a precipitate. Dilute the reaction with ethyl acetate, rinse with water, dry over 
magnesium sulfate, filter and concentrate in vacuo to yield the title compound (1.26g). 

Scheme I, step d 0 . 3-r(phenacvl)amino1-2-carbethoxv-6-fluoro-l-(tert-butvloxvcarbonyl)-indole. Mix 3-[(phenacyl) 
amino]-2-carbethbxy-6-fluoroindole (1.0g, 3.06mmol), di-tert-butyl dicarbonate (0.70g, 3.2mmol), tetrahydrofuran 
(40mL), dimethylaminopyridine (33mg, 0.32mmol) and stir overnight. Dilute the reaction with ethyl acetate, wash 
with water, saturated sodium chloride, dry over magnesium sulfate, filter and concentrate in vacuo. Recrystallize 
from ethyl acetate/hexane followed by flash chromatography (20% ethyl acetate/hexane). Recrystallize again from 
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ethyl acetate/hexane to yield 3-[(phenacyl)amino]-2-carbethoxy-6-fluoro-1 -(tert-butyloxycarbony I)- indole as color- 
less needles (900mg, 69%). 

Scheme I, step e: S^fphenacyhmethylaminol^^arbethoxv^-fiuorcHl-ftert-butvloxvcarbonvlVindole. Suspend so- 
5 dium hydride (62mg of a 60% dispersion, 1 .55mmol) in anhydrous tetrahydroturan (3mL) and cool to 0°C under a 

nitrogen atmosphere. Add 3-[(phenacyl)amino]-2-carbethoxy-6-fluoro-l-(tert-butyloxycarbonyl)-indole (650mg, 
1 .52mmol) in tetrahydrofuran/dimethylformamide (1 OmL, 3: 1 ) dropwise to the suspension producing a clear yellow 
solution at 15 minutes. Stir at 0°C for 30 minutes. Add methyl iodide (0.096mL, 1.55mmol). Warm the reaction to 
room temperature and stir overnight. Quench with water (20m L) and extract with ethyl acetate (20m L). Rinse the 
10 organic phase with saturated sodium chloride, dry and concentrate in vacuo to yield the 3-[(phenacyl)methylamino]- 

2-carbethoxy-6-fluoro-1(tert-butyloxycarbonyl)-indole. 

Scheme I, step f: 3-f(phenacvl)methylaminol-2-carbethoxv-6-fluoroindole. Dissolve 3-[(phenacyl)methylamino]- 
2-carbethoxy-6-fluoro-1-(tert-butyloxycarbonyl)-indole from above in methylene chloride (1 OmL). Add trifluoroace- 
is tic acid (3m L) and stir for 4 hours at room temperture. Dilute with ethyl acetate (50mL) and rinse with 1 N sodium 

hydroxide, saturated sodium chloride, dry over magnesium sulfate, filter and concentrate in vacuoio yield 3-[(phen- 
acyl)methylamino]-2-carbethoxy-6-fluoroindole. 

Dissolve 3-[(phenacyl)methylamino]-2-carbethoxy-6-fluoroindole (300mg) in tetrahydroturan and water. Add lithi- 
20 um hydroxide. Stir the reaction at room temperature overnight. Dilute the reaction with water and ethyl acetate. 

Acidify with 1 N HCI and separate the layers. Dry the organic phase over magnesium sulfate, filter and concentrate 
in vacuo. Recrystallize from ethyl acetate/hexane to yield the title compound as a white powder (270mg); mp 265V. 
270° C. 

Anal Calcdfor C 17 H l3 FN 2 0 3 : C, 65.38; H, 4.20; N, 8.97; Found: C, 65.25; H, 4.20; N, 8.82. 
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Example 4m 

Preparation of 3-f(phenacvl)methviamino1-2-carboxv-6-trifluoromethylindole 




40 Step 1. Preparation of starting material: 2-amino-4-trifluoromethylbenzonitrile; Suspend 4-trifluoromethyl-2-nitro- 

benzoic acid (1 g, 4.25mmol) in toluene (5mL), add thionyl chloride (5mL) and reflux for 1 .5 hours. Concentrate 
the reaction in vacuo and reconcentratetwo more times from toluene. Place under high vacuum for 1 hour. Dissolve 
the acid chloride in toluene (5m L) and add excess t-butylamine. Stir the reaction at room temperture. Dilute the 
reaction with ethyl acetate and wash with 1M HCI (3x100mL), dry over magnesium sulfate, filter and concentrate 

45 in vacuo togive a white solid. Recrystallize from hot ethyl acetate/hexane to yield 2-nitro-4-trifluoromethyl-tert- 

butylbenzamide as white crystals (0.96g, 81%); mp 162 D -164 D C. 

Step 2. Dissolve 2-nitro-4-trifluoromethyl-tert-butylbenzamide(520mg, 1.79mmol) in ethanol (100ml_) and purge 
the flask with nitrogen. Add 5% palladium on carbon (50mg) and place under hydrogen at 50psi. Shake the reaction 
so for 2 hours. Filter the reaction through diatomaceous earth and concentrate the filtrate in vacuo to yield a white 

solid. Purify the residue by flash chromatography (20% ethyl acetate/hexane) to yield the 2-amino-4-trifluoromethyl- 
tert-butylbenzamide as white crystals (280mg, 69% based on recovered starting material); mp 109°-110°C. 

Step 3. Dissolve 2-amino-4-trifluoromethyl-tert-butyIbenzamide (850mg, 3.26mmol) in methylene chloride and add 
55 trifluoroacetic anhydride (4.62mL, 32.7mmol). Stir the reaction at room temperature for 6 hours under a nitrogen 

atmosphere. Rinse the reaction with saturated sodium bicarbonate, water and concentrate in vacuo to provide an 
off white solid. Recrystallize from ethyl acetate/hexane to yield the 2-trifluoromethylacetamide-4-trifluoromethyl- 
benzonitrile(640mg, 69.5%); 1 1 8°-1 1 9°C. 
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Scheme I, step a: 2-fCarbethoxv)methvlamino-4-trifluoromethyibenzonitrite . Dissolve 2-trifluoromethylacetamide- 
4-trifluoromethylbenzonitrile (5.44g, 1 9.28mmo!) in dimethylformamide (30mL) under an atmosphere of nitrogen. 
Add this to a suspension of sodium hydride (B48mg 60% dispersion, 21 .21mmol) in dimethylformamide (2mL) at 
0°C. Warm the solution to room temperature over 40 minutes. Add ethyl bromoacetate (4.276mL, 38.6mmol) to 

s the solution and heat to 50° C for 40 minutes. Pour the reaction into water and extract with diethyl ether. Separate 

the layers and rinse the organic phase with saturated sodium chloride, dry over magnesium sulfate, filter and 
concentrate in vacuo. Purify the residue by flash chromatography (50% methanol:ch!oroform/hexane, 3/2) and 
recrystallize from hot ethyl acetate/hexane to yield the trifluoroacetate derivative (5.83g, 81.7%); mp 79°-80°C. 
Dissolve the above carbethoxy derivative (4.9g, 13.31 mmol) in ethanol/water and treat with potassium carbonate 

io (1 .837g, 1 3.31 mmol). Dilute with water and extract with ethyl acetate. Rinse the organic layer with saturated sodium 

chloride, water, dry over magnesium sulfate, filter and concentrate in vacuo to yield a yellow solid. Recrystallize 
from hot ethyl acetate/hexane to yield 2-(Carbethoxy)methylamino-4-trifluoromethylbenzonitrile (2.78g, 76. B%); 
mp98 o -101°C. 

75 Scheme l t step b: 3-Amino-2-carbethoxv-6-trifiuoromethylindole. Dissolve 2-(Carbethoxy)methylamino-4-trifluor- 

omethylbenzonitrile (2.34g, 8.6mmol) in tetrahydrofuran (40mL) and add dropwise with stirring to a solution of 
potassium tert-butoxide (9.46 mL of a 1 M tetrahydrofuran solution) under a nitrogen atmosphere at 0°C. The 
reaction was allowed to warm to room temperature. After 3 hours, dilute with ethyl acetate, rinse with water, sat- 
urated sodium chloride, dry over magnesium sulfate, filter and concentrate in vacuo. Purify the residue by flash 

20 chromatography to yield the 3-amino-2-carbethoxy-6-trifluoromethylindole (1 .22g, 52%); mp 204 D -21 0°C. 

Scheme I, stepc: 3-f(Phenacyl)aminoV2-carbethoxv-6-trifluoromethylindole. Suspend the 3-amino-2-carbethoxy- 
6-trifluoromethylindole (290mg, 1.06mmo!) in tetrahydrofuran (30mL) and add triethyiamine (0.150mL, 1.17mmol). 
Add benzoyl chloride (0.136mL, 1.17mmol) and stir for 30 minutes at room temperature. Dilute the reaction with 
25 ethyl acetate, rinse with 1 M HCI, water, dry over magnesium sulfate, filter and concentrate in vacuo. Recrystallize 

from hot ethyl acetate/hexane to yield 3-[(phenacyl)amino]-2-carbethoxy-6-trifluoromethylindole (230mg, 56%); 
mp 237°-239°C. 

Scheme I, step d 0 : 3-[(ph8nacvi)amino]"2>carbethoxy-6-trifluoromethv>-1-(t9rt-butvloxycarbonvl)-indole. Mix 3- 
30 [(phenacyOaminoJ^-carbethoxy-S-trifluoromethylindole (390mg, 1.04mmol), di-tert-butyl dicarbonate (249mg, 

1 .14mmol), tetrahydrofuran (10mL), dimethylaminopyridine (33mg, 0.32mmol) and stir overnight. Dilute the reac- 
tion with ethyl acetate, wash with 1 M HCI, water, dry over magnesium sulfate, filter and concentrate in vacuo. 
Purify by flash chromatography (15% ethyl acetate/hexane) to yield the title compound as an amber oil (320mg, 
66%). 

35 

Scheme I, step e: 3-r(phenacyl)methvtamino1'2-carbethoxv-6-trifluoromethyl-1-(tert-butvloxvcarbonvl)-indole. 
Suspend sodium hydride (30mg of a 60% dispersion, 0.739mmol) in anhydrous tetrahydrofuran (10mL) and cool 
toO°C under a nitrogen atmosphere. Add 3-[(phenacyl)amino]-2-carbethoxy-6-trifluoromethyl-1-(tert-butyloxycar- 
bonyl)-indole (320mg, 0.672mmol) in tetrahydrofuran (20mL) dropwise to the suspension. Stir at room temperature 
40 for 20 minutes. Add methyl iodide (O.OSOmL, 0.81 mmol). After 3 hours quench with 1M HCI, extract with ethyl 

acetate and rinse the organic phase with saturated sodium chloride, dry and concentrate in vacuo. Purify the 
residue by flash chromatography (20% ethyl acetate/hexane) to yield the 3-[(phenacyi)methylamino]-2-carbethoxy- 
6-trifluoromethy!-1-(tert-butyloxycarbonyl)-indole as a colorless oil (200mg, 60.6%). 

45 Scheme I, step f: 3-r(phenacvnmethvlamino1-2-carbethoxv-6-trifluoromethyiindole . Dissolve 3-[(phenacyl)methyl- 

amino]-2-carbethoxy-6-trifiuoromethyl-1-(tert-butyloxycarbonyl)indole (200mg, 0.407mmol) from above in methyl- 
ene chloride. Add trifluoracetic acid and stir overnight at room temperture. Concentrate the reaction in vacuo, dilute 
with ethyl acetate and rinse with saturated sodium bicarbonate, dry over magnesium sulfate, filter and concentrate 
in vacuo to yield 3-[(phenacyl)methy lam ino]-2-carbethoxy-6-trifluoromethyl indole as a foam (154mg, 97%). 

so Dissolve 3-[(phenacyl)methylamino]-2-carbethoxy-6-trifluoromethylindole (1 54mg, 0.395mmo!) in tetrahydrofuran 

and water. Add lithium hydroxide (50mg, 1 .1 8mmol). Stir the reaction at room temperature for 6 hours. Acidify with 
1 N HCI extract with ethyl acetate and separate the layers. Dry the organic phase over magnesium sulfate, fitter 
and concentrate in vacuo. Recrystallize from ethyl acetate/hexane to yield the title compound as an off white solid 
(95mg, 66%); mp 258°-261°C. 

55 Anal. Calcd for C 1B H 13 F3N 2 03H 2 0: C, 56.84; H, 3.98; N, 7.37; Found: C, 56.55; H, 3.74; N, 7.04. 
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Example 4n 

Preparation of 3-f(phenacvl)methylamino1-2-carboxv-6-nltroindole 




Step 1. Preparation of starting material: 2-amino-4-nitrobenzonitrile: Dissolve 4-nitro-2-aminobenzoic acid (500mg, 
2.75mmol) in tetrahydrofuran (10mL). Add triphenylphosphine (730mg, 2.75mL) and N -hydroxys ucc in imide 
(316mg, 2.75mmol). Add a solution of diethylazodicarboxylate (0.433mL,2.75mmol) and stir at room temperature 
under nitrogen for 10 minutes. Add tert-butylamine (1.1 mL, 5.5mmot) in tetrahydrofuran (5m!_) directly to the re- 
action to yield after workup the 4-nrtro-2-amino-tert-butylbenzamide. 

Step 2: Dissolve the above product (300mg, 1.31mmol) in methylene chloride and add trifluoroacetic anhydride- 
(3mL, 6.5mmol). Stir the reaction at room temperature overnight. Rinse the reaction with saturated sodium bicar- 
bonate, water and concentrate in vacuo. Purify by flash chromatography (25% ethyl acetate/hexane) to yield the 
2-trifluoromethylacetamide-4-nitrobenzonitrile (250mg, 73%). . r 

Scheme I, step a: 2-(Carbethoxv)methvlamino-4-nitrobenzonitrile. Dissolve 2-trifluoromethylacetamide-4-ni- 
trobenzotrile(250mg, 0.96mmol) in dimethylformamide (0.5mL). Add ethyl bromoacetate (0.222mL, 2mmol) l po- 
tassium carbonate (260mg, 2mmol) and warm to 80°C for 2 hours. Cool the reaction, dilute with ethyl acetates- 
rinse with water, dry, filter and concent rate in vacuo. Purify the residue by flash chromatography (25% ethyl acetate/" 
hexane) to yield the trifluoroacetate derivative (1 70mg). I, 
Dissolve the above product(O.Smmol) in ethanol/water and treat with potassium carbonate (O.Bmmol). Dilute with 
water and extract with ethyl acetate. Rinse the organic layer with saturated sodium chloride, water, dry over mag- 
nesium sulfate, filter and concentrate in vacuo to yield a yellow solid. Recrystallize from hot ethyl acetate/hexane 
to yield 2-(Carbethoxy)methylamino-4-nitrobenzonitrile. 

Scheme I, step b: 3-Amino-2-carbethoxv-6-nitroindole. 

Dissolve the above carbethpxy derivative (0.7mmol) in tetrahydrofuran and add dropwise with stirring to a solution 
of potassium tert-butoxide (0.7 mL of a 1M tetrahydrofuran solution) under a nitrogen atmosphere at 0°C. The 
reaction was allowed to warm to room temperature. After 3 hours, dilute with ethyl acetate, rinse with water, sat- 
urated sodium chloride, dry over magnesium sulfate, filter and concentrate in vacuo. Purify the residue by flash 
chromatography to yield the 3-amino-2-carbethoxy-6-nitroindole. 

Scheme I, step c: 3-f(phenacyl)amino1-2-carbethoxy-6-nitroindole. Suspend the 3-amino-2-carbethoxy-6-nitroin- 
dole (0.6mmol) in tetrahydrofuran and add triethylamine (0.62mmol). Add benzoyl chloride (0.62mmol) and stir for 
30 minutes at room temperature. Dilute the reaction with ethyl acetate, rinse with 1 M HCI, water, dry over magne- 
sium sulfate, filter and concentrate in vacuo. Recrystallize from hot ethyl acetate/hexane to yield 3-[(phenacyl) 
amino]-2-carbethoxy-6-nitroindole. 

Scheme I, step d P : 3-rfphenacvnamino1-2-carbethoxv-6-nitro-1-(tert-butvloxvcarbonyl)-indole. Mix 3-[(phenacyl) 
amino]-2-carbethoxy-6-nitroindole (0.5mmol), di-tert-butyl dicarbonate (0.52mmol), tetrahydrofuran, dimethylami- 
nopyridine and stir overnight. Dilute the reaction with ethyl acetate, wash with 1 M HCI, water, dry over magnesium 
sulfate, filter and concentrate in vacuo to yield the 3-[(phenacyl)amino3-2-carbethoxy-6-nitro-1-(tert-butyloxycarb- 
onyl)-indole. 

Scheme I, step e: 3-f(phenacvl)methvlamino1-2-carbethoxv-6-nitro-1-(tert-butvloxvcarbonyl)-indole. Suspend so- 
dium hydride (0.4mmol) in anhydrous tetrahydrofuran and cool to 0°C under a nitrogen atmosphere. Add 3-[(phen- 
acyl)amino]-2-carbethoxy-6-nitro-1-(tert-butyloxycarbonyl)-indole (0.4mmol) in tetrahydrofuran dropwise to the 
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suspension. Stir at room temperature for 20 minutes. Add methyl iodide (0.4mmol). After 3 hours quench with 1M 
RCI, extract with ethyl acetate and rinse the organic phase with saturated sodium chloride, dry and concentrate 
in vacuo to yield the 3-[(phenacyl)methylamino]-2-carbethoxy-6-nitro-1-(tert-butyioxycarbonyl)-indoie. 

Scheme I. step f: 3-r (phenacvl)methvlamino1-2-carbethoxy-6>nitroindole. Dissolve 3-[(phenacyl)methyIamino]- 
2-carbethoxy-6-nitro-1-(tert-butyloxycarbonyl)-indole from above in methylene chloride. Add excess trifluoroacetic 
acid and stir overnight at room temperture. Concentrate the reaction in vacuo, dilute with ethyl acetate and rinse 
with saturated sodium bicarbonate, dry over magnesium sulfate, filter and concentrate in vacuo to yield 3-[(phen- 
acyl)methylamino]-2-caroethoxy-6-nitroindole. 

Dissolve 3-[(phenacyl)methylamino]-2-carbethoxy-6-nitroindole (0.3mmol) in tetrahydrofuran and water. Add lith- 
ium hydroxide (0.9mmol). Stir the reaction at room temperature for 6 hours. Acidify with 1 N HCI extract with ethyl 
acetate and separate the layers. Dry the organic phase over magnesium sulfate, filter and concentrate in vacuo 
to yield the title compound. 

Example 5 

Preparatio n of 3-r(Phenacvhamino1-2-ff2-dimethvlamino)carbethoxvl-6'Chloroindole 



H O 

Mix 3-[(phenacyl)amino]-2-carbmethoxy-6-chloroindole (1.0g, 3.04mmo!) with 2-dimethylaminoethanol (5mL), potas- 
sium carbonate (3.04mmol) and toluene (25mL) and warm at 70°C for 24 hours. Cool and apply to a silica gel column 
and elute with 5% methanol/chloroform. Evaporate the solvent to 150mL and add hot hexane (200mL). Cool and filter 
to give the title compound as a white powder (700mg, 64%). 

Example 6 

Preparation of 3-f(Methyloxalylate)aminol-2-carbmethoxy-indole 




Step a: 2-F(Caromethoxy)methylaminol-2-benzonitrile 

Dissolve 2-aminobenzonitrile (1 Og, 85mmoI) in methanol (20mL). Add sodium hydrogen carbonate (7.6g, 90mmol) 
and methyl bromoacetate (8.5mL, 90mmol) and heat at reflux overnight. Cool and filter. Evaporate the solvent in 
vacuo and purify by flash chromatography (25% ethyl acetate/hexane). Recrystallize (ethyl acetate/hexane) to 
give the title compound as white crystals; first crop (6g, 37%) and second crop (3g, 18%); mp 86-88°C. 

Step b: 3-Amino-2-carbmethoxy-indole 

Dissolve potassium tert-butoxide (31 .5mmol) in anhydrous tetrahydrofuran (31 .5mL) and cool to 5°C. Add a solu- 
tion of 2-(carbmethoxy)methylaminobenzonitrile (6g, 31.5mmol) in anhydrous tetrhydrofuran. Allow to warm to 
room temperature and stir for 3 hours. Pour into water/ethyl acetate, separate the organic phase and dry (MgS0 4 ). 
Evaporate the solvent in vacuo and purify by flash chromatography (25% ethyl acetate/hexane) and recry stall ized 
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(25% ethyl acetate/hexane then adding hexane until needles appear) to give the title compound; first crop (2.3g, 
38%) and second crop (0.5g, 8.3%); mp 128-1 35°C (dec). 

Step c: 3-rfMethvloxafvlate)aminol-2-carbmethoxy-indole 

Dissolve 3-amino-2-carbmethoxy-indole (250mg, 1.31mmol) in methylene chloride (3mL). Add triethylamine 
(1 82uL, 1 .31 mmol), followed by slow addition of methyl chlorooxalate (1 20uL, 1 .31 mmol). Stir at room temperature 
briefly. Dilute with water and ethyl acetate, separate the organic phase and dry (MgS0 4 ). Evaporate the solvent 
in vacuo and dissolve the residue in hot ethyl acetate (40mL). Reduce the volume to 20mL and add hot hexane 
(20mL). Cool and collect the title compound as bright yellow needles; first crop (290mg, 84%) and second crop 
(39mg, 11%); mp 217-19°C. 

Example 7 

Preparation of 3-f(QxalvDamino'|-2-carboxv-indole 

w O O 
N— c— C —OH 




Dissolve 3-[(methyloxalylate)amino]-2-carbmethoxy-indole (200mg, 0.72mmol) in methanol (10mL). Add sodium hy- 
droxide (3.62mL of a 1N solution in water, 3.62mmol) and warm to 40°C for 1 hour. Dilute with water (50mL), acidify 
and extract into ethyl acetate. Separate the organic phase, dry (MgS0 4 ) and evaporate the solvent in vacuo to give 
the title compound as a yellow powder (84%); mp 200-04°C. 
30 An alternate synthetic procedure for preparing appropriate starting materials for compounds of Formula I is set forth- 
in Scheme V. In Scheme V, all substituents, unless otherwise indicated, are as previously defined. 
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R'l = OR 2 

In step a, an appropriate 2-carbalkoxy- indole of structure (28) can be nitrated to produce the 2-carbalkoxy-3-nitro- 
indole of structure (29). 

The nitration reaction of step a can be carried out using techniques known in the art. Typically, the 2-carbaikoxy- 
indole as described by structure (14) is contacted with a large excess of fuming nitric acid. The reactants are typically 
contacted in an acidic medium, such as acetic acid. The reactants are typically stirred for a period of time ranging from 
10 minutes to 4 days and at a temperature range of from 0°C to room temperature. The 2-carbalkoxy-3-nitro-indole of 
structure (29) can be recovered from the reaction by precipitation with water followed by filtration. 

In step b, the nitro functionality of the appropriate 2-carbaIkoxy-3-nitro-indole of structure (29) can be reduced to 
the corresponding amino functionality to produce the 3-amino-2-carbalkoxy-indole of structure (4). 

The reduction reaction of step b can also be carried out using techniques known in the art. Typically, the 2-carbal- 
koxy-3-nitro-indole of structure (29) is contacted with 5 equivalents of tin (II) chloride dihydrate. The reactants are 
typically contacted in an organic solvent such as ethanol. The reactants are typically stirred together for a period of 
time ranging from 1-24 hours and at a temperature range from about room temperature to reflux. The 3-amino-2-car- 
balkoxy-indole of structure (4) can be recovered from the reaction by techniques such as flash chromatography. 

Compounds of Formula I can be prepared from the appropriate 3-amino-2-carbalkoxy- indole of structure (4) as 
described previously in Scheme I, steps c-g. Side-chain functionality may also be manipulated as described previously 
in Scheme I. 

Starting materials for use in the general synthetic procedure outling in Scheme V are readily available to one of 
ordinary skill in the art and described previously in Scheme I. 

The following examples present typical syntheses as described in Scheme V. These examples are understood to 
be illustrative only. 
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Example 8 

Preparation of 3-f(Phenacvl)aminoV2-carbethoxy-4,6-dichioroindole 

5 



10 




Step a: 3-Nitro-2-carbethoxv-4,6-dichloroindoie 

Dissolve 3,5-dichloropheny I hydrazine hydrochloride (300g) in anhydrous ethanol (2L). Add ethyl pyruvate 
(153.6mL) and concentrated sulfuric acid (25m L). Stir at room temperature under a nitrogen atmosphere for 3 
hours. Evaporate the solvent in vacuo, take up the residue in ethyl acetate/water and treat with saturated sodium 
20 hydrogen carbonate. Separate the aqueous phase and extract with ethyl acetate. Combine the organic phases, 

dry (MgS0 4 ) and evaporate the solvent in vacuo to give the 3,5-dichlorophenyIhydrazone of ethyl pyruvate and 
as a solid (371. 6g, 96%). Both E and Z isomers are obtained. 

iH NMR (CDCI 3 , 90 MHz) isomer A, 8 11.9 (b, 1H) t 7.0 (d, 2H), 6.8 (d, 1H), 4.2 (q, 2H), 2.1 (s, 3H), 1.3 (t, 3R); , 
isomer B 6 7.9 (b, 1H), 7.2-6.8 (m, 3H), 4.3 (q, 2H), 2.1 (s, 3H), 1.4 (t, 3H). 

25 Add polyphosphoric acid (2kg) to the 3,5-dichlorophenylhydrazone of ethyl pyruvate (100g) and heat on a steam 

bath for 5 hours. Add a small amount of ice and pour onto ice to decompose the polyphosphoric acid. Extract the 
resulting suspension into ethyl acetate (3X1 L) and dry (MgS0 4 ). Evaporate the solvent in vacuo to give a light 
brown solid. Stir the solid with ethyl ether (1 L) for 1 hour and filter off 2-carboxyethyl-4,6-dichloroindole. Heat the 
filtrate with activated charcoal, filter through Celite and evaporate the solvent in vacuo to give a second crop of 

30 2-carboxyethyl-4,6-dichloroindole as a tan solid ( 89.4g total, 95%). 

IR (KBr) 3406, 3314, 1698, 1568, 1324, 1244, 1214, 840, and 770 cm" 1 

1 H-NMR (DMSOd 6 , 300MHz) 5 12.4 (b, 1 H), 7.5 (s, 1H), 7.3 (s, 1H), 7.1 (s, 1H), 4.4 (q, 2H, J=7Hz), 1.4 (t, 3H, 
J=7Hz); 13C-NMR (DMSO-d 6 , 75MHz) 5 160.6, 137.6,129.2, 129.1, 126.9, 124.3, 120.0, 111.4, 105.3, 61.0, 14.2; 
MS (Cl/CH 4 ) m/z 258 (M + H) + ; 
35 Anal. Calcdfor C^HgClgNOg: C, 51.19; H, 3.51; N, 5.43; 

Found: C, 51.38, H, 3.42; N, 5.53. 

Mix 2-carboxyethyl-4,6-dichloroindole (50g) and acetic acid (1 L) and add, by dropwise addition, 90% (white fuming) 
nitric acid (250ml_). Apply a water bath as necessary to keep the temperature below 29° C. Stir for 1 0 minutes after 
all of the solid is dissolved and pour into ice (6L). Filter off the solid and wash with water. Dissolve the solid in ethyl 
40 acetate, treat with saturated sodium hydrogen carbonate solution, and separate the organic phase. Dry (MgS0 4 ), 

filter and evaporate the solvent in vacuo to give the crude product as a tan solid. Slurry the solid in a small amount 
of chloroform, filter and dry to give the title compound (36.9g, 63%). 

Step b: 3-Amino-2-carbethoxv-4,6-dichloroindole 
45 Dissolve 3-nitro-2-carbethoxy-4,6-dichloroindole (38. 1g) in ethanol (1 L) and add tin (II) chloride dihydrate (163g). 

Warm to between 65 and 75°C for 4 to 5 hours. Cool to room temperature and pour into a mixture of ethyl acetate 
(3L) and water (2L). Add solid potassium carbonate and stir occasionally until the carbon dioxide evolution ceases. 
Filter throught Celite and separate the organic phase of the filtrate. Dry (MgS0 4 ) and evaporate the solvent in 
vacuo to give the title compound as an off-yellow solid (33.5g, 97.6%). 

50 

Scheme I, step c: 3-f(Phenacvl)amino]-2-carbethoxv-4 t 6-dichloroindole 

Dissolve 3-amino-2-carbethoxy-4,6-dichloroindole (7.8g, 27.8mmol) in methylene chloride (500mL) and add tri- 
ethylamine (4.2mL, 30mmol) followed by benzoyl chloride (3.5mL, 30mmol). Stir at room temperature overnight. Dilute 
55 with ethyl acetate (300mL), wash with water and separate the organic phase. Dry (MgS0 4 ) and evaporate the solvent 
in vacuo to give a solid. Recrystallize (ethyl acetate) to give the title compound as off-white needles (7.75g, 74%). 
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Example 9 

Preparatio n of 3-ffPhenacvl)aminoV2-carboxv>4,6-dichloroindole 




Mix 3-[(phenacyl)amino]-2-carbethoxy-4,6-dichioroindole (300mg, 0.79mmol), lithium hydroxide monohydrate 
(2.39mmol), tetrahydrofuran (2mL) and water (2mL). Stir at room temperature overnight Dilute with water and ethyl 
acetate. Acidify the aqueous phase and separate the organic phase. Dry (MgS0 4 ), evaporate the solvent in vacuo, 
and recrystallize the residue (ethyl acetate/hexane) to give the title compound (1 75mg, 64%). 

Example 10 



Preparation of 3-f(Phenacvl)methvlaminoV2-carbethoxv-4,6-dichloroindole 



CI H,C 0 




H O 



Scheme I, step cU: 3-f( Phenacvf)amino]-2-carbethoxv-4,6-dichloro-1-ftert-butvloxvcarbonvl)-indole 

Mix 3-[(phenacyl)amtno)-2-carbethoxy-4,6-dichloroindole (6g, 16mmol), di-tert-butyl dicarbonate (3.5g, 16mmol), 
tetrahydrofuran (90mL) and dimethylaminopyridine (85mg, 0.8mmol) and stir at room temperature for 1 hour. Dilute 
with ethyl acetate, wash with water and separate the organic phase. Dry (MgS0 4 ) and evaporate the solvent in vacuo. 
Recrystallize the residue (ethyl acetate/hexane) to give the title compound as white crystals (7.0g, 92%); mp 143-4°C. 

Scheme I, step e: 3-r(Phenacvnmet hylamino1-2-caroeth^ 

Suspend sodium hydride (20mg of a 60% dispersion, O.Smmol) in anhydrous tetrahydrofuran (1mL) and cool to 
0°C under a nitrogen atmosphere. Slowly add 3-[(phenacyl)amino]-2-carbethoxy-4,6-dichloro-1-(tert-butyloxycarbo- 
ny!)-indole (220mg, 0.46mmol) in tetrahydrofuran (1 mL). Stir at 0°C for 0.5 hours. Add methyl iodide (31u.L, O.Smmol) 
and stir at 0°C for 2 hours. Quench with water, extract into ethyl acetate and separate the organic phase. Dry (MgS0 4 ) 
and evaporate the solvent in vacuo. Purify the residue by flash chromatography (25% ethyl acetate/hexane) and re- 
crystallize (hexane) to give the title compound (2.9g, 95%); mp 1 30-1°C. 

Scheme I. step f: 3-frPhenacvnmethvlamino1-2-carbethoxv-4,6-dichloroindole 

Dissolve 3-[(phenacyl)methylamino]-2-carbethoxy-4,6-dichloro-1 -(tert-butyloxycarbonyl)-indole (2.8g, 5.7mmol) 
in methylene chloride (5mL). Add trifluoroacetic acid (5mL) and stir for 1 hour. Evaporate to dryness in vacuo and 
recrystallize the residue (ethyl acetate/hexane) to give the title compound as white needles (1 .8g, 82%); mp 1 95-97°C. 
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Example 11 

Preparation of 3-rfPhenacvl)rnethvlaminoV2-carboxv-4,6-dichloroindoie 



5 



10 




Dissolve 3^(phenacyl)methylamino]-2-carbethoxy-4,6-dichloroindole (800mg, 2.04mmol) in tetrahydrof uran (5mL) and 
water (5mL). Add lithium hydroxide monohydrate (252mg, 6mmol) and stir at room temperature overnight. Warm to 
50°C in an water bath tor several hours, dilute with water (10mL) and ethyl acetate (25mL). Stir and acidify with IN 
hydrochloric acid. Separate the organic phase and dry. Evaporate the solvent in vacuo and recrystallize (ethyl acetate/ 
20 hexane) to give the title compound as a white powder (630mg, 85%); mp 275°C (dec). 

Example 11a 

Preparation of 3-r(Phenacvl)methylaminol-2-tetrazoie-4,6-dichloroindole 

25 



30 




Scheme II, step a: Suspend 3-[(Phenacyl)methylamino]-2-carboxy-4,6-dichloroindole(4.25mmol) in toluene (5mL), 
add thionyl chloride (5mL) and reflux for 1.5 hours. Concentrate the reaction in vacuo and reconcentrate two more 
times from toluene. Place under high vacuum for 1 hour. Dissolve the acid chloride in toluene (5mL) and add excess 

40 t-butylamtne. Stir the reaction at room temperature. Dilute the reaction with ethyl acetate and wash with 1 M HCI 
(3x100ml_), dry over magnesium sulfate, filter and concentrate in vacuo to yield the tert-butylamide. 
Scheme ll, step b: Dissolve the above tert-butylamide derivative (3.26mmol) in methylene chloride and add trifluoro- 
acetic anhydride (32.7mmol). Stir the reaction at room temperature for 6 hours under a nitrogen atmosphere. Rinse 
the reaction with saturated sodium bicarbonate, water and concentrate in vacuoto yield the 2-cyanoindolyl derivative. 

45 Scheme III, step c: Dissolve the above 2-cyanoindolyl derivative (3mmol) in N-methylpyrrolidinone (5mL) and treat with 
tributyltin chloride (3.24mmol), sodium azide (3mmol) and heat to 70° C for 3 days. Dilute the reaction with an additional 
amount of N-methylpyrrolidinone (5mL) and allow tc cool. Add 1N HCI (5mL) and extract with ethyl acetate. Dry the 
organic phase over sodium sulfate, filter and concentrate in vacuoto yield the title compound. 

so 



ss 
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Example 11b 



Preparation of 3-fftetrazoieacvl)amino1-2-cafboxv-4,6-dichloroindole 



a 




"C— OH 
D 
O 



H 



Scheme HI, step a: Combine 3-amino-2-carb-tert-butoxy-4,6-dichloroindo!e (5mmol), triethylamine (5.5mmoI) and 
methylene chloride (100mL). Add methyl oxalyl chloride (5.5mmol) and stir at room temperature for 4 hours. Pour 
the reaction into saturated sodium bicarbonate and separate the layers. Wash the organic phase with saturated 
sodium chloride, dry over magnesium sulfate, filter and concentrate in vacuo to yield the 3-amidoindolyl derivative. 

Scheme ill, step d: Dissolve the above amidoindolyl derivative (3.2mmol) in tetrahydrofuran and water\1:1) and 
treat with lithium hydroxide (3.2mmol). Stir the reaction for 6 hours, carefully acidify to pH Sand immediately extract . 
the aqueous phase with ethyl acetate. Dry the organic phase with magnesium sulfate, filter and concentrate in 
vacuo to yield the monoacid. 

Scheme III, step e: Dissolve the above monoacid (3mmoI) in tetrahydrofuran and treat with triphenylphosphine 
(3mmol), diethylazodicarboxylate (3mmol) followed by N-hydroxysuccinimide at room temperature. Stir for 1 hour 
and then treat the reaction with tert-butylamine (3mmol). Stir for an additional 2 hours at room temperature and 
dilute with water. Extract the aqueous phase with ethyl acetate, dry the organic phase over magnesium sulfate, 
filter and concentrate in vacuo to afford the tert-butylamide derivative. 

Scheme III, step f: Dissolve the above tert-butylamide derivative (3mmol) in methylene chloride and add trifluoro- 
acetic anhydride (30mmol). Stir the reaction at room temperature for 6 hours under a nitrogen atmosphere. Rinse 
the reaction with saturated sodium bicarbonate, water and concentrate in vacuoto yield the cyano derivative. 

Scheme ill, step g: Dissolve the above cyano derivative (3mmol) in N-methyipyrrolidinone (5ml_) and treat with 
tributyltin chloride (3.24mmol), sodium azide (3mmol) and heat to 70°C for 3days. Dilute the reaction with an 
addtional amount of N-methylpyrrolidinone (5mL) and allow to cool. Add 1 N HCI (5mL) and extract with ethyl 
acetate. Dry the organic phase over sodium sulfate, filter and concentrate in vacuo to yield the tetrazole derivative. 

Scheme III, step h: Dissolve the above tetrazole derivative (3mmol) in methylene chloride (20mL). Add trifluoro- 
acetic acid (2mL) and stir at room temperature for 3 hours. Dilute the reation with water (20mL) and separate the 
layers. Dry the organic phase over magnesium sulfate, filter and concentrate in vacuoto yield the title compound. 

Example 11c 

Preparation of 3-r(tetrazoleacyl)amino1-2-carbotetrazole-4,6-dichloroindole 




H 



H 
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Scheme Mi, step e: Suspend 3-[(tetrazoleacyl)amino]-2-carboxy-4,6Hdichloroindole (3mmol) in toluene (5m L), add thio- 
nyl chloride (5mL) and reflux for 1.5 hours. Concentrate the reaction in vacuo and reconcentrate two more times from 
toluene. Place under high vacuum for 1 hour. Dissolve the acid chloride in toluene (5mL) and add excess t-butylamine. 
Stir the reaction at room temperature. Dilute the reaction with ethyl acetate and wash with 1 M HCI (3x100mL), dry over 

s magnesium sulfate, filter and concentrate in vacuo to yield the tert-butylamide. 

Scheme III, step f: Dissolve the above tert-butylamide derivative (3mmol) in methylene chloride and add trifluoroacetic 
anhydride (30mmol). Stir the reaction at room temperature for 6 hours under a nitrogen atmosphere. Rinse the reaction 
with saturated sodium bicarbonate, water and concentrate in vacuo to yield the 2-cyanoindolyl derivative. 
Scheme III, step g: Dissolve the above 2-cyanoindolyl derivative (3mmol) in N-methylpyrrolidinone (5mL) and treat 

10 with tributyltin chloride (3.24mmol), sodium azide (3mmol) and heat to 150°C for 4 hours. Dilute the reaction with an 
additional amount of N-methylpyrrolidinone (5mL) and allow to cool. Add IN HCI (5m L) and extract with ethyl acetate. 
Dry the organic phase over sodium sulfate, filter and concentrate in vacuo to yield the title compound. 

Example 12 

15 

Preparation of 3"[(Phenacynmethvlamino1-2"Sodium-carboxvlate>4,6-dichloroindole 



20 



25 




Suspend 3-[(phenacyl)methylamino]-2-carboxy-4,6-dichloroindole (0.98g, 2.7mmol) in water and add sodium hydroxy 
ide (I1m!_ of a 0.25M solution) and heat the partial solution until a pale yellow solution is obtained. Filter and freeze- 
30 dry to give the title compound (1 .01 g, 97.3%) as a white powder. 

Anal. Calcd for C^H^CfeNgO^HgONa: C, 50.64; H, 3.25; N, 6.95; 
Found: C, 50.75; H, 2.93; N, 6.86. 

Example 13 

Preparation of 3-l(Phenacvl)methvlaminol-2-lf2-dimethylamino)-carbethoxvV4,6-dichloroindole 



40 



45 




Mix 3-[(phenacyl)amino]-2-carbethoxy-4,6-dichloroindole (lg, 2.56mmol), 2-dimethylaminoethanol (5mL), potassium 
so carbonate (353mg, 2.56mmol) and toluene (1 5mL). Heat at 70°C overnight. Purify by flash chromatography (5% meth- 
anol/chloroform) and recrystalize (ethyl acetate/hexane) to give the title compound (600mg, 54%); mp 171 -2°C. 



55 
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Example 14 

Preparatio n of 3-rrPhenacvl)ethyiamino1-2-carbethoxv-4.6-dichloroindole 



CI Et O 




Scheme 1, step e: 34(Phenacv l)ethvlamino1-2-car^^ 

Suspend sodium hydride (52mg of a 60% dispersion, 1.73mmol) in anhydrous dimethylformamide and cool to 
-1 0°C. Add, by dropwise addition, a solution of 3-[(phenacyl)amino]-2-carbethoxy-4,6-dichloro-(1 -tert-butyloxycar- 
bonyl)-indole (0.75g, 1 .57mmol) in dimethylformamide. Stir under a nitrogen atmosphere for 30 minutes. Add ethyl 
iodide (0.27g, 1.73mmol) and stir at -10°C for 5 hours. Pour into 1 N hydrochloric acid (100mL) and extract into 
ethyl acetate. Separate the organic phase and dry (MgS0 4 ). Evaporate the solvent in vacuo and purify by flash 
chromatography (4:1 methylene chloride/ethyl acetate) and recrystallize (ethyl acetate/hexane) to give the title 
compound; mp 11 0-11 °C. 

Scheme I, step f: 3-r(Phenacyl)ethvlamino1-2-carbethoxv>4 t 6-dichloroindole 

Dissolve 3-[(phenacyl)ethylamino]-2-carbethoxy-4,6-dichloro-1-(tert-butyloxycarbonyl)-indole (0.79g, 1 .57mmol) 
in methylene chloride (5mL) and add, by dropwise addition, trifluoroacetic acid (5mL). Stir for 4 hours and pour 
carefully into saturated sodium hydrogen carbonate (1 OOmL). Extract into ethyl acetate, dry (MgS0 4 ) and evaporate 
the solvent in vacuo to give as yellow oil. Recrystallize (ethyl acetate/hexane) to give the title compound (0 23o 
36%); mp 203-5°C. 

Example 15 

Preparation of 3-rfPhenacvl)ethvlaminol-2-carboxv-4.6-dichloroindoie 



a Et o 




Mix 3-[(phenacyl)ethylamino]-2-carbethoxy-4,6-dichloroindole (600mg, 1.48mmol), water (10mL) and tetrahydrofuran 
(10mL). Add lithium hydroxide monohydrate (0.22g, 5.18mmoI) and stir at room temperature for 24 hours. Heat to 
reflux for 5 hours then pour into 1N hydrochloric acid (100mL). Extract into ethyl acetate, dry (MgS0 4 ) and evaporate 
the solvent in vacuo to give the crude product (0.72g) as a white solid. Recrystallize (ethyl acetate/hexane) to give the 
title compound (0.32g, 57%); mp 254-6°C. 
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Example 16 

Preparation of 3-ffPhenacvl)benzvlamino1-2-carbethoxy-4,6-dichloroindole 




Scheme I, step e: 3-[fPhenacvl)benzvlaminol-2-carbethoxv-4,6-dichloro-1-(tert-butvloxvcarbonv 
Suspend sodium hydride (42mg of a 60% dispersion, 1.39mmol) in dimethylformamide, place under nitrogen at- 
mosphere and cool to -1 0°C. Add, by dropwise addition, a solution of 3-[(phenacyl)amino]-2-carbethoxy-4,6-dichlo- 
ro-1-(tert-butyloxycarbonyl)-indole (0.6g, 1.26mmol) in dimethylformamide. Stir at -10°C for 30 minutes and add, 
by dropwise addition, benzyl bromide (0.24g, 1 .39mmol). Stir for 5 hours, pour into IN hydrochloric acid and extract, 
into ethyl acetate. Dry (MgS0 4 ) and evaporate the solvent in vacuo to give the title compound as a yellow oil. 

Scheme I, step f: 3-[(PhenacvnbenzvlaminoV2-carbethoxv>4,6-dichloroindole 

Dissolve 3-[(phenacyl)benzy lam ino]-2-carbethoxy-4,6-dichloro-1-(tert-butyloxycarbony I) -indole (0.68g„ 
1.26mmol) in methylene chloride (5mL) and add, by dropwise addition, trifiuoroacetic acid (5mL). Stir for 4 hours., 
then slowly add to saturated sodium hydrogen carbonate (100mL). Extract into methylene chloride, dry (MgS0 4 ) ; . 
and evaporate the solvent in vacuo. Recrystallize (ethyl acetate/hexane) to give the title compound (0.34g, 59%);, 
mp174-5 e C. ' 

Example 17 

Preparation of 3-r(Phenacvl)benzylamino1-2-carboxv-4,6-dichloroindole 




Dissolve 3-[(phenacyl)benzylamino]-2-carbethoxy-4,6-dichloroindole (0.5g, 1.07mmol) in tetrahydrofuran (10mL) and 
water (10mL). Add lithium hydroxide monohydrate (0.1 6g, 3.74mmo!) and stir for 24 hours. Heat at reflux for 6 hours 
and pour into 1 N hydrochloric acid (1 OOmL). Extract into ethyl acetate, dry (MgS0 4 ) and evaporate the solvent in vacuo. 
Recrystallize (ethyl acetate/hexane) to give the title compound; mp 266-7°C. 
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Example 18 

Preparatio n of 3-r(Phenacvncarbethoxvm6thvl-arninoV2-carbethoxv>4 T 6-dichloroindole 



c! Et0 2 C N 0 




Scheme I, step e: 3-f(Phena cvncarbethoxvmethv^ 

dole ~" " ' ' — <— ^ - 

Suspend sodium hydride (29.3mg of a 60% dispersion, 0.976mmol) in dimethylformamide (2mL), place under 
nitrogen atmosphere and cool to 0°C. Add, by dropwise addition, a solution of 3-[(phenacyl)amino]-2-carbethoxy- 
4,6-dichloro-1-(tert-butyloxycarbonyl)-indole (0.42g, 0.887mmol) in dimethylformamide (3mL). Stir for 2 hours, di- 
lute with ethyl acetate (100mL) and wash with 1N hydrochloric acid. Dry (MgS0 4 ) and evaporate the solvent in 
vacuo to give 0.58g crude product. Recrystaliize (ethyl acetate/hexane) to give the title compound (0.36g, 72%); 
mp 129-30°C. 

Scheme I. step f: 3-f(Phenacvncarbethoxvmethvl-amino1-2-carbethoxy-4,6-dichloroindole 

Dissolve 3-[(phenacyl)carbethoxymethyl-amino]-2-carbethoxy^ (0.4g, 
0.71 mmol) in methylene chloride (6mL) and add, by dropwise addition, trifluoroacetic acid (6mL). Stir for 3.5 hours 
and pour slowly into saturated sodium hydrogen carbonate (100mL). Extract with ethyl acetate and dry (MgS0 4 ). 
Evaporate the solvent in vacuo and recrystaliize the residue (ethyl acetate/hexane) to give the title compound 
(0.28g, 85%); mp 139-40°C. 

Example 19 

Preparation of 3-rfPhenacvl)carboxvmethvl-amino1-2-carboxy-46-dichloroindole 




Dissolve 3-[(phenacyl)carbethoxymethyl-amino]-2-carbethoxy-4,6-dichloroindole (0.29g, 0.626mmol) in tetrahydro- 
furan (27mL) and water (13mL). Add lithium hydroxide monohydrate (0.1 58g, 3.76mmol) and stir overnight. Pour into 
1 N hydrchloric acid (100ml_) and extract into ethyl acetate. Dry (MgS0 4 ) and evaporate the solvent in vacuo. Recrys- 
taliize (ethyl acetate/hexane) to give the title compound (0.15g, 59%); mp 235-7°C. 



36 



EP 0 483 881 B1 

Example 20 

Preparation of 3-ff2-Benzvlphenacvl)amino1-2-carbethQxv-4,6-dichloroindole 




Mix 3-amino-2-carbethoxy-4,6-dichloroindole (2.73g, lOmmol), 2-benzyl benzoyl chloride (10mmol) in pyridine (50mL) 
and heat at 60°C for 48 hours. Pour into water, separate the organic phase and wash with 1 N hydrochloric acid, then 
with saturated sodium hydrogen carbonate. Dry (MgS0 4 ) and evaporate the solvent in vacuo. Purify by flash chroma- 
tography (25% ethyl acetate/hexane) and recrystallize (ethyl acetate/hexane) to give the title compound (450mg)- mp 
225°-227°C. 

Anal. Calcd for C 25 H 20 Cl 2 N 2 O 3 : C, 64.25; H, 4.31; N, 5.99; 
Found: C, 63.91; H, 4.42; N, 6.12. 

Example 21 ;. 
Preparation of 3"rf2-Benzvlphenacyl)aminol-2-carboxv-4,6-dichloroindole 




Dissolve 3-[(2-benzylphenacyl)amino]-2-carbethoxy-4 1 6-dichloroindole (100mg t 0.214mmol) in tetrahydrofuran (7mL) 
and water (7mL). Add lithium hydroxide monohydrate (25.2mg, 6mmol) and stir overnight. Stir at 40°C for 2 hours, 
dilute with water (1 OmL) and ethyl acetate (25mL). Acidify with 1 N hydrochloric acid while stirring. Separate the organic 
phase, dry (MgS0 4 ) and evaporate the solvent in vacuo. Recrystallize (ether/hexane) to give the title compound (89mg 
95%); mp234°-235°C. 

Anal. Caldc for C 23 H 16 CI 2 N 2 0 3 : C, 62.88; H, 3.67; N, 6.38; 
Found: C, 63.04; H, 4.05; N, 5.97. 
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Example 22 

Preparation of 3-rf2-Benzvlphenacvnmethviamino)-2-caii3ethoxv^ t 6-dichiorojndote 




Scheme I. step cL >: 34(2-Benzylphenacvi)amino1-2^a^ 

Dissolve 3-[(2-benzylphenacyl)amino]-2-carbethoxy-4,6-dichlorocarbonyiindo!e (400mg, 0.856mmol) in tetrahy- 
drofuran (40mL). Add di-tert-butyl dicarbonate (0.9mmol) and dimethylaminopyridine (10mg). Stir for 2 hours and 
partition between ethyl acetate and water. Separate the organic phase, dry (MgS0 4 ) and evaporate the solvent in 
vacuo. Recrystallize (ethyl acetate/hexane) to give the title compound (420mg, 86%) as a white solid; mp 163°C. 

Scheme I, step e: 3-f(2-Benzylphenacvl)methvlaminol-2-caroeth^ 

Suspend sodium hydride (32mg of a 60% dispersion, O.Bmmol) in anhydrous dimethylformamde (1mL). Add, by 
dropwise addition, a solution of 3-[(2-benzylphenacyi)amino]-2-carbethoxy-4,6-dichloro-1-(tert-butyloxycarbony!)- 
indole (430mg, 0.76mmol) in dimethylformamide (2m L). Stir at room temperature for 15 minutes. Add methyl iodide 
(49.5u.l_, O.Smmo!) and stir for 2 hours. Quench with water, extract into ethyl acetate, wash with water and dry. 
Evaporate the solvent in vacuo and purify by flash chromatography (25% ethyl acetate/hexane) to give the title 
compound. 

Anal. Calcd for C 31 H 2a CI 2 N 2 0 5 : C, 64.25; H, 4.87; N, 4.83; Found: C, 63.95; H, 5.26; N, 4.86. 
Scheme I, step f: 3-r(2-Benzv)phenacvl)methvlamino1-2-carbethoxv-4,6-dichloroindole 

Dissolve 34(2-benzylphenacyl)methylamino]-2-carbetho^ (320mg, 
0.55mmol) in methylene chloride (5mL). Add trifluoroacetic acid (1mL) and stir at room temperature for 3 hours. 
Evaporate the solvent in vacuo and recrystallize (ethyl acetate/hexane) to give the title compound (250mg, 95%V 
mp 208°-209°C. 

Example 23 

Preparation of 3-f (2 -Benzyl phenacynmethvlaminol-2-carboxv^6-dichtoroindole 




Dissolve 3-[(2-benzylphenacyl)methylamino]-2-carbethoxy-4,6-dichloroindole (200mg, 0.41 mmol) in tetrahydrofuran 
(3mL) and add water (3mL). Add lithium hydroxide monohydrate (1 .2mmol) and heat at 60°C overnight. Add addition 
lithium hydroxide monohydrate (1 .2mmol) and heat at 60°C for 5 hours. Allow some of the tetrahydrofuran to evaporate 
and add methanol to form a homogeneous solution. Heat for 3 days, adding additional lithium hydroxide monohydrate 
(2.4mmol). Dilute with water and filter. Acidify, extract into ethyl acetate and dry (MgSQ 4 ). Evaporate the solvent in 
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vacuo and recrystallize (ethyl acetate/hexane) to give the title compound as a white powder (1B0mg 97%)- mp 
280-83°C. 

Anal. Calcdfor C 24 H 18 CI 2 N 2 03. 0.33 ethyl acetate: C, 63.04; H, 4.31; N, 5.81; Found: C, 62.76; H, 4.41; N, 5.65. 
Example 24 

Preparation of 3-rf3-Pvridacvnaminol-2-carbethoxv-4.6-dichloroindole 




Mix 3-amino-2"Carbethoxy-4,6-dichloroindole (7g, 25.6mmol), nicotinyl chloride hydrochloride (5g, 28mmol), dimeth- 
ylaminopyridine (200mg) and pyridine (70mL) and stir for 2 days at room temperature. Pour into water, filter the white 
solid and recrystallize (ethyl acetate/methanol) to give the title compound (5.65g, 58%); mp 247-48°C. 

Example 25 

Preparation of 3-f(3-Pvridacvnaminol-2>carboxy-4,6-dichloroindole . 




Mix 3-[(pyridacyl)amino]-2-carbethoxy-4,6-dichloroindole (390mg, 1.03mmol), lithium hydroxide monohydrate 
(3mmol), tetrahydrofuran (10mL) and water (10ml_). Stir overnight at room temperature. Dilute with ethyl acetate and 
water, separate the aqueous phase and acidify to pH 3. Filter the precipitate and dry under vacuum to give the title 
compound; mp 2B5-90°C (dec). 

Example 26 

Preparation of 3-r(3-PvridacvnmethylaminoV2-carbethoxv-4,6-dichloroindole 




Scheme I, step d 0 : 3-r(Pvridacvl)amino1-2-carbethoxv-4,6-dichloro-1-(tert-butyloxvcarbonvn-indole 
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Suspend 3-[(pyridacyl)amino]-2-carbethoxy-4,6-dichloroindole (5.67g, 15mmol) in tetrahydrofuran (150mL). Add 
di-tert-butyl dicarbonate (3.5g, 16mmo!) and dimethylaminopyridine (85mg, 0.8mmol). Stir at room temperature 
for 3 hours. Evaporate the solvent in vacuoto a volume ot 50mL and dilute with ethyl acetate (100mL) and hexane 
(150mL). Filter to give the title compound; first crop (4.9g, 69%) and second crop (1 .4g, 20%). 

Scheme I, step e: 3-KFVridacyl)methvlamino1-2-carb^^ 

Suspend sodium hydride (3.4mmol) in anhydrous tetrahydrofuran (5mL) and cool toO°C. Add, by dropwise addition, 
a solution of 3-[(pyridacyl)amino]-2-carbeth^ (1.5g, 3.1mmol) in 

tetrahydrofuran (25mL). Stir 1/2 hour, then add methyl iodide (3.4mmol) and stir at room temperature overnight. 
Dilute with ethyl acetate and water, separate the organic phase and dry (MgS0 4 ). Evaporate the solvent in vacuo 
and purify by flash chromatography (50% ethyl acetate/hexane) to give the title compound (1.4g, 91%). 

Scheme I. step f: 3-F(Pvridacvl)methylamino1-2-carbethoxv^4,6"dichloroindole 

Mix 3^(pyridacyl)methylamino]-2<3rbethoxy^,6Kjichloro-1-(tert-butyloxycarbonyl)-indole (1.2g, 2.44mmol), trrf- 
luroracetic acid (3mL) and methylene chloride (3m L). Stir at room temperature for several hours. Evaporate the 
solvent in vacuo, dissolve in ethyl acetate, wash with saturated sodium hydrogen carbonate and saturated sodium 
chloride. Separate the organic phase and dry (MgS0 4 ). Evaporate the solvent in vacuo and purify by flash chro- 
matography (50% ethyl acetate/hexane) then recrystallize (ether/hexane) to give the title compound (740mg, 77%). 

Example 27 

Preparation of 3-[f3-Pvridacvl)methylamino1-2-carboxv-4,6-dichloroindole 




Dissolve 3-[(pyridacyl)methylamino]-2-carbethoxy-4,6-dichloroindole (740mg, 1.9mmql) in tetrahydrofuran (5mL) and 
dilute with water (5mL). Add lithium hydroxide monohydrate (239mg, 45.7mmol) and stir overnight at room temperature. 
Warm to 50°C for 2 hours, dilute with water/ethyl acetate and separate the aqueous phase. Acidify to pH 6 and fitter 
the precipitate. Dry at 70°C under vacuum for 48 hours to give the title compound as a white powder (611 mg, 88%). 

Example 28 

Preparation of 3-f(3-Pvridacvl)methylaminol-2-sodium-carboxvlate-4,6-dichloroindole 




Suspend 3-[(3-pyridacyl)methylamino]-2-carboxy-4,6-dichloroindole (110mg, 0.3mmol) in water (10mL) and add sodi- 
um hydroxide (1.2ml_ of a 0.25M solution). Warm until a solution was obtained. Filter and freeze-dry to give the title 
compound (120mg, 97%). 
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Example 28a 

Preparation of 3-[(p-fluorophenacvl)amino1-2-carbethoxv-4,6>dichloroindole 



10 




— OEt 



ts Dissolve 3-amino-2-carbethoxy-4,6-dichloroindole (2.0g, 7.13mmol) in methylene chloride (125mL) and add p-fluor- 
obenzoyl chloride (0.8B6mL, 7.5mmo!) followed by triethylamine (1 .05mL, 7.5mmol). Stir the reaction at room temper- 
ature overnight. Add an additional amount of p-fiuorobenzoyl chloride (0.20mL) and triethylamine (0.20mL) and stir for 
6 hours. Dilute the reaction with ethyl acetate, wash with 1N HCI, saturated sodium bicarbonate, saturated sodium 
chloride, dry over magnesium sulfate, filter and concentrate, in vacuo to give a solid. Dissolve the solid in hot ethyl 

20 acetate (250mL), reduce to 200mL and add hot hexane (50mL). Cool the solution and collect to resulting solid to yield 
the title compound as fluffy white crystals (1 ,52g, 53%); 241 -243°C. 
Anal. Calcd for C 18 H 13 CI 2 FN 2 0 3 : C, 54.70; H, 3.31 ; N, 7.09; 
Found: C, 54.63; H, 3.39; N, 6.98. 

25 Example 28b 

Preparation of 3-[(p-fluorophenacvnamino1-2-carboxy-4,6-dichloroindole 



35 




Mix3-[(p-fluorophenacyl)amino]-2-carbethoxy-4,6-dichloroindole (600mg, 1.52mmol), lithium hydroxide (191mg, 
40 4.55mmol), tetrahydrofuran (20mL) and water (20mL). Stir overnight at room temperature. Dilute with water (20mL) 
and ethyl acetate (40mL). Acidify with 1 N HCI while stirring and separate the layers. Dry the organic phase over mag- 
nesium sulfate, filter and concentrate in vacuo. Recrystallize the residue (ethyl acetate/hexane) to yield the title com- 
pound as a white powder (440mg, 79%); mp 259° -261 °C. 

45 Example 28c 

Preparation of 3-f(p-fluorophenacynmethylaminol-2-carbethoxv-4,6-dichloroindole 



so 



55 




H C O 



— OEt 
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Scheme I, step do: 3-r(p-ftuorophenacvl)amino1-2-ca^ 

Mix 3-[(p-fluorophenacyl)amino]-2-carbethoxy-4,6-dichloroindoie (1.5g, 3.8mmol), di-tert-butyl dicarbonate 
(890mg, 4mmol), tetrahydrofuran (50mL), 

dimethylaminopyridine (42mg r 0.4mmol) and stir at room temperture for 1 hour. Concentrate the reaction in vacuo 
and purify by flash chromatograpy (25% ethyl actetate/hexane) to yield the title compound as a clear oil (1 .8g, 95%). 

Scheme I. step e: 3-F(p-fluorophenacvl)methvlamino1-2-carbeth^ 

Suspend sodium hydride (132mg of a 60% dispersion, 3.3mmo() in anhydrous tetrahydrofuran (10mL) and cool 
toO°C under a nitrogen atmosphere. Add 3-[(p-fluorophenacyl)amino]-2-carbethoxy-4,6-dichloro-1-(tert-butyloxy- 
carbonyl)-indole (1 .5g, 3.0mmol) in tetrahydrofuran (10mL) dropwise to the suspension. Stir at 0°C for 30 minutes. 
Add methyl iodide (0.205mL, 3.3mmol) and stir for 30 minutes at 0*C. Warm the reaction to room temperature and 
quench with water. Extract with ethyl acetate, dry the organic phase over magnesium sulfate, filter and concentrate 
in vacuo. Purify the residue by flash chromatography (25% ethyl acetate/hexane) to yield the title compound (1 3q 
85%). 

Scheme I, step f: 3-r(P"fluorophenacvnmethvlaminol-2-carbethoxv-4,6-dichioroindole 

Dissolve 34(p-fluorophenacyl)methylamino]-2^a^ (12g, 
2.35mmol) in methylene chloride. Add trifluoroacetic acid and stir for 2 hours. Concentrate the reaction in vacuo 
and recrystallize the residue from hot ethyl acetate/hexane to yield the title compound (720mg, 74%). 

Example 28d 

Preparation of 3-f(p-fluorophenacyl)methvlaminol-2-carboxy-4,6-dichloroindole 




Dissolve 3-[(p-fluorophenacyl)methylamino]-2-carbethoxy-4,6-dichloroindole (660mg, 1.61mmol) in tetrahydrofuran 

(5mL) and water (5mL). Add lithium hydroxide (203mg, 4.8mmol) and stir for 24 hours at room temperture. Dilute the 

reaction with water(20mL) and ethyl acetate (50ml_) and acidify. Separate the layers and dry the organic phase over 

magnesium sulfate, filter and dilute the filtrate with hexane (100mL). Recrystallize from this solution to yield the title 

compound as a white powder (550mg, 90%). 

Anal. Calcd for C^H^CIgFNgO^ C, 53.56; H, 2.91; N, 7.35; 

Found: C, 53.46; H, 2.90; N, 7.10. 

Example 28e 

Preparation of 3-rfo-fluorophenacvl)amino]-2-carbethoxv-4,6-dichloroindole 



F 
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Dissolve 3-amino-2-carbethoxy-4,6-dichioro indole (1 .09g, 4mmoI) in methylene chloride (25mL) and add triethylamine 
(0.578mL, 4mmol) followed by o-fluorobenzoyl chloride (1g, 4mmol). Stir the reaction tor 1 hour at room temperature. 
Add an additional amount of methylene chloride (25ml_) and stir overnight. Dilute the reaction with ethyl acetate 
(100mL), wash with water (100mL) and dry the organic phase. Concentrate in vacuo and recry stall ize the residue from 
s ethyl acetate/hexane to yield the title compound (1 .05g, 67%); mp >290 B C. 
Anal. Calcd for C 18 H 13 CI 2 FN 2 0 3 : C, 54.70; H, 3.31 ; N, 7.09; 
Found: C, 54.77; H, 3.45; N, 6.79. 

Example 28f 

10 

Preparation of 3-[(o-fluorophenacvl)methvlaminol-2-carbethoxv-4,6-dichloroindole 



F 




Scheme I, step d 0 : S-ffo-fluorophenacvDaminol^-carbethoxv-^e-dichloro-l-ftert-butvloxycarbonvD-indole 
25 Mix 3-[(o-fluorophenacyI)amino]-2-carbethoxy-4,6-dichloroindole (850mg, 2.15mmol), di-tert-butyl dicarbonate 

(479mg, 2.5mmol), tetrahydrofuran (20mL), dimethylaminopyridine (42mg, 0.3mmol) and stir at room temperture 
for 15 minutes. Dilute with ethyl acetate (1 OOmL), wash with water, saturated sodium chloride, dry over magnesium 
sulfate, filter and concentrate in vacuo. Recrystallize the residue from hot hexane containing some diethyl ether 
to yield the title compound (880mg, 84%) as colorless crystals. 
30 Anal. Calcd for C 2 3H 21 CI 2 FN 2 0 5 : C, 55.77; H, 4.27; N, 5.65; 

Found: C, 55.76; H, 4.47; N, 5.56. 

Scheme I, step e: 3-f(o-fluorophenacyl)methvlamino1-2-cate 

Suspend sodium hydride (BOmg of a 60% dispersion, 2.0mmol) in anhydrous tetrahydrofuran/dimethyrformamide 
35 (5mL/2:1) and cool to 0°C under a nitrogen atmosphere. Add 3-[(o-fluorophenacyl)amino]-2-carbethoxy-4,6-dichlo* 

ro-1-(tert-butyloxycarbony!)-indole (880mg, I.Bmmol) in tetrahydrofuran/dimethylformamide (20mL/2:1) dropwise 
to the suspension. Stir at 0°C for 30 minutes. Add methyl iodide (0.1244mL, 2.0mmol) and stir for 30 minutes at 
0°C. Warm the reaction to room temperature and after 4 hours quench with water. Extract with ethyl acetate, wash 
with saturated sodium chloride, dry over magnesium sulfate, filter and concentrate in vacuo to yield the title com- 
40 pound. 

Scheme I, step f: 3-r(0'fluorophenacyl)methvlaminol-2-carbethoxv-4,6-dichioroindole 

Dissolve 3^(o4luorophenacyl)methylamino]-2-camethoxy-4,6<lichloro-1-(tert-butyloxycarbonyl)-indole from 
above in methylene chloride (5mL). Add trifluoracetic acid (3mL) and stir for 5 hours. Concentrate the reaction in 
45 vacuo, dilute with ethyl acetate (1 OOmL), wash with saturated sodium carbonate, dry over magnesium sulfate, filter 

and concentrate in vacuo. Recrystallize the residue from ethyl acetate/hexane to yield the title compound (650mg). 



so 



ss 
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Example 28a 

Preparation of 3-rfo-fluorophenacyl)methvlamino1-2-carboxv-4,6"dichtoroindole 



F 




Mix 3-[(o-fluorophenacyl)methylarnino]-2-carbethoxy-4,6-dichloroindole (600mg, 1 .47mmol), lithium hydroxide 
(184mg, 4.4mmol), tetrahydrofuran (10mL) and water (10mL). Stir for 24 hours at room temperature. Dilute with ethyl 
acetate (40mL). Acidify while stirring and separate the layers. Dry the organic phase over magnesium sulfate, filter 
and concentrate in vacuo. Recrystallize the residue (ethyl acetate/hexane) to yield the title compound as a white powder 
(480mg, 86%). 

Anal. Catcdfor C 17 H 11 CI 2 FN 2 0 3 : C, 53.57; H, 2.91; N, 7.35; 
Found: C, 53.31; H, 3.05; N, 7.60. 

Example 28h 

Preparation of 3-rfm-fluorophenacyl)aminoV2-carbethoxv-4,6-dichloroindole 




Dissolve 3-amino-2-carbethoxy-4,6-dichloroindoIe (1 .09g, 4mmol) in methylene chloride (25mL) and add triethylamine 
(0.578mL, 4mmol) followed by m-fluorobenzoyl chloride (0.488ml_, 4mmol). Stir the reaction for 1 hour at room tem- 
perature. Add an additional amount of methylene chloride (25mL) and stir overnight. Dilute the reaction with ethyl 
acetate (100mL), wash with water (100ml_) and dry the organic phase. Concentrate in vacuo and recrystallize the 
residue from ethyl acetate/hexane to yield the title compound (1 .28g, 81%); mp 234°-235°C. 
Anal. Calcd for C 18 H 13 CI 2 FN 2 0 3 : C, 54.70; H, 3.31 ; N, 7.09; 
Found: C, 54.58; H, 3.59; N, 7.02. 
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Example 2Bi 

Preparation of 34(m-fluorophenacvnmethylaniinoV2-carbethoxV'4,6-dichloroinclole 

5 



10 




Scheme I, step qV 34(m-fluorophenacyl)amino]-2^arbeth^ 

Mix 3-[(m-fluorophenacyl)amino]-2-carbethoxy-4,6-dichloroindole (1.0g, 2.53mmol), di-tert-butyl dicarbonate 
(5B8mg, 2.7mmol), tetrahydrofuran (25mL), dimethylaminopyridine (42mg, 0.3mmol) and stir at room temperature 
20 for 1 5 minutes. Dilute with ethyl acetate (1 00m L), wash with water, saturated sodium chloride, dry over magnesium 

sulfate, filter and concentrate in vacuo. Recrystallize the residue from hot hexane containing some diethyl ether 
to yield the title compound (1 .1 g t 88%) as colorless crystals. 
Anal. Calcd for C 23 H 21 CI 2 FN 2 0 5 : C, 55.77; H, 4.27; N, 5.65; 
Found: C, 55.74; H, 4.56; N, 5.55. 

25 

Scheme I, step e: 3-f(m-fluorophenacvnmethvlamino1-2-carbethoxv-4,6-dichloro-1-(tert-butyioxvcarbonyl)-indole 
Suspend sodium hydride (97mg of a 60% dispersion, 2.42mmoi) in anhydrous tetrahydrofuran/dimethylformamide^.. 
(5mL/2:1) and cool to 0°C under a nitrogen atmosphere. Add 3-[(m-fluorophenacyl)amino]-2-carbethoxy-~" 
4,6-dichloro-1-(tert-butyloxycarbonyl)-indo!e (1.1g, 2.22mmol) in tetrahydrofuran/dimethylformamide (20mL/2:1) - 
30 dropwise to the suspension. Stir at 0°C for 30 minutes. Add methyl iodide (0.1 5mL, 2.42mmol) and stir for 30 

minutes at 0°C. Warm the reaction to room temperature and after 4 hours quench with water. Extract with ethyl 
acetate, wash with saturated sodium chloride, dry over magnesium sulfate, filter and concentrate in vacuoto yield 
the title compound. 

35 Scheme I, step f: 3-f(m-ftuorophenacvl)methylaminol-2-carbethoxv~4,6-dichloroindole 

Dissolve 3-[(m-fiuorophenacyl)methylamino]-2-carbethoxy-4,6HdichloroO-(tert-butyloxycarbonyl)-indole from 
above in methylene chloride (5mL). Addtrifluoracetic acid (3mL) and stir for 5 hours. Concentrate the reaction in 
vacuo, dilute with ethyl acetate (100mL), wash with saturated sodium carbonate, dry over magnesium sulfate, filter 
and concentrate in vacuo. Recrystallize the residue from ethyl acetate/hexane to yield the title compound (760mg). 

40 

Example 2Bj 

Preparation of 3-r(m-fluorophenacvl)methvlaminol-2-carboxy-4 t 6-dichloroindole 

45 



50 




Mix 3-[(m-fluorophenacyI)methylamino]-2-carbethoxy-4,6-dichloroindole (700mg, 1 .7mmol), lithium hydroxide (21 Omg, 
5mmol), tetrahydrofuran (10mL) and water (10mL). Stir for 24 hours at room temperature. Dilute with ethyl acetate 
(40ml_). Acidify while stirring and separate the layers. Dry the organic phase over magnesium sulfate, filter and con- 
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centrate in vacuo. Recrystaliize the residue (ethyl acetate/hexane) to yield the title compound as a white powder 
(590mg, 91 %); mp 270°-280 e, C. 

Anal. Caicd tor C 17 H 11 CI 2 FN 2 0 3 : C, 53.57; H, 2.91; N, 7.35; 
Found: C, 53.54; H, 3.15; N, 7.24. 

Example 28k 

Preparatio n of 3-r(p-trrfluoromethylphenacvl)amino1-2-carbethoxv-4,6-dichloroindole 




Dissolve 3-amino-2-carbethoxy-4,6-dichloroindole (1 .09g, 4mmol) in methylene chloride (25mL) and add triethylamine 
(0.578mL, 4mmol) followed by p-trifluoromethylbenzoyl chloride (0.4B8mL t 4mmol). Stir the reaction for 1 hour at room 
temperature. Add an additional amount of methylene chloride (25mL) and stir overnight. Dilute the reaction with ethyl 
acetate (100mL), wash with water (100mL) and dry the organic phase. Concentrate in vacuo and recrystaliize the 
residue from ethyl acetate/hexane to yield the title compound as a white fluffy solid (1.42g, 80%); mp 250°-252°C 
Anal. Calcd for C 19 H 13 CI 2 F 3 N 2 0 3 : C, 51 .26; H, 2.94; N, 6.29; 
Found: C, 51.51; H, 3.17; N, 6.59. 

Example 28! 

Preparatio n of 3-ffp-trifluoromethvlphenacvl)methvlamino1-2-carbethoxv-4,6-dichloroindole 




Scheme I, step do: 3-r(p-trif)uoro methvlphenacvl)amino1-2^arbethoxv~4.6-dichloro-1-(tert-butvloxvcarbonvlVin- 
dole *" 

Mix 3-[(p-trifluoromethylphenacyl)amino]-2-carbethoxy-4,6-dichloroindole (1.1 Bg, 2.6mmol), di-tert-butyl dicarbo- 
nate (610mg, 2.8mmoI), tetrahydrofuran (25mL), dimethylaminopyridine (42mg, 0.3mmol) and stir at room tern- 
perture for 15 minutes. Dilute with ethyl acetate (100mL), wash with water, saturated sodium chloride, dry over 
magnesium sulfate, filter and concentrate in vacuo. Recrystaliize the residue from hot hexane containing some 
diethyl ether to yield the title compound (1 .1g,77%) as colorless crystals; mp 159°-160°C. 
Anal. Calcd for C 24 H 21 CI 2 F 3 N 2 O s : C, 52.86; H, 3.88; N, 5.14; 
Found: C, 52.89; H, 4.11; N, 5.39. 

Scheme I, step e: 3>r(p-trifluorom ethylphenacvnmethvlamino1-2-carb9thoxv-4.6 ~dichloro-1-(tert-butvloxvcarbo- 
nvl)-indole 

Suspend sodium hydride (88mg of a 60% dispersion, 2.2mmol) in anhydrous tetrahydrofuran/dimethylformamide 
(5mL/2: 1 ) and cool to 0°C under a nitrogen atmosphere. Add 3-[(p-trifluoromethylphenacyl)amino]-2-carbethoxy- 
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4,6-dichloro-1-(tert-butyloxycarbonyl)-indole (1.1g, 2.0mmol) in tetrahydrofuran/dimethylformamide (20mL/2:1) 
dropwise to the suspension. Stir at 0*C for 30 minutes. Add methyl iodide (0.137mL, 2.2mmol) and stir for 30 
minutes at 0°C. Warm the reaction to room temperature and after 4 hours quench with water. Extract with ethyl 
acetate, wash with saturated sodium chloride, dry over magnesium sulfate, filter and concentrate in vacuo to yield 
£ the title compound. 

Scheme I, step f: 3-f(p-trifluoromethvlphenacvnmethvlamino1-2>carbethoxv-4,6 -dichloroindole 
Dissolve 3-[(p-trifiuoromethylphenacy!)methylamino]-2-caroethoxy-4,6-dichloro-1-(tert-birtyloxycarbonyl)-^ 
from above in methylene chloride (5mL). Add trifluoracetic acid (3mL) and stir for 5 hours. Concentrate the reaction 
io jn vacuo, dilute with ethyl acetate (100mL), wash with saturated sodium carbonate, dry over magnesium sulfate, 

filter and concentrate in vacuo. Recrystallize the residue from ethyl acetate/hexane to yield the title compound 
(820mg). 

Example 28m 

15 

Preparation of 3-f(p>trrfluoromethvlphenacvl)methvlaminoV2>carbethoxv»4,6"dichloroindole 




H O 



30 Mix 3-[(p-trifluoromethylphenacyl)methylamino]-2-carbethoxy-4,6-dichloroindole (750mg, 1 .7mmol), lithium hydroxide 
(210mg, 5mmol), tetrahydrofuran (10mL) and water (10mL). Stir for 24 hours at room temperature. Dilute with ethyl 
acetate (40m L). Acidify while stirring and separate the layers. Dry the organic phase over magnesium sulfate, filter 
and concentrate in vacuo. Recrystallize the residue (ethyl acetate/hexane) to yield the title compound as a white powder 
(590mg, 81 %); mp 232 e -234°C. 

35 Anal. Calcd for C^ Q H n C\ 2 f 3 N 2 0 2 : C, 50.14; H, 2.57; N, 6.50; 
Found: C, 49.88; H, 2.61; N, 6.48. 

Example 28n 

40 Preparation of S-Kp-chlorophenacvhaminol^-carbethoxy^S-dichloroindole 



45 



50 




Dissolve 3-amino-2-carbethoxy-4,6-dichloroindole (2.2g, 8mmol) in methylene chloride (70mL) and add triethylamine 
(1.16mL, 8mmol) followed by p-chlorobenzoyl chloride (0.976mL, Smmol). Stir the reaction 48 hours at room temper- 
ature. Dilute the reaction with ethyl acetate (300ml_), wash with water (100mL), dry the organic phase over magnesium 
sulfate, filter and concentrate in vacuo. Recrystallize the residue from ethyl acetate/hexane to yield the title compound 
as a fluffy solid (2.7g,79%). 
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Example 28d 

Preparatio n of 3-rfp-chlorophenacvt)methylaminol-2-carbethoxv-4,6-dichloroindole 



CI 




H 



O 



Scheme I, step cU: 3-f(p-chlo rophenacvl)aminol-2^^^ 

Mix a-ffp'ChlorophenacylJaminol^-carbethoxy-A.e-dichloroindole (2g, 4.8mmol), di-tert-butyl dicarbonate (1g, 
4.8mmol), tetrahydrofuran (90mL), dimethylaminopyridine (42mg, 0.3mmol) and stir at room temperture for 1 hour. 
Dilute with ethyl acetate (100mL), wash with water, saturated sodium chloride, dry over magnesium sulfate, filter 
and concentrate in vacuo. Recrystallize the residue from ethyl acetate/hexane to yield the title compound (2 3q 
94%). 

Scheme I, step e: 3-f(p-chlorophenacvl)methvlamino1-2^ 

Suspend sodium hydride (160mg of a 60% dispersion, 4mmol) in anhydrous tetrahydrofuran/dimethylformamide 
(3mL/2:1) and cool to 0°C under a nitrogen atmosphere. Add 3-[(p-chiorophenacyl)amino]-2-carbethoxy- 
4,6-dichloro-1-(tert-butyloxycarbonyl)-indole (2g, 3.9mmol) in tetrahydrofuran/dimethylformamide (10mL/2:1) 
dropwise to the suspension. Stir at 0°C for 30 minutes. Add methyl iodide (0.137mL, 2.2mmol) and stir for 30 
minutes at 0°C. Warm the reaction to room temperature and after 4 hours quench with water (20mL). Extract with 
ethyl acetate (20mL), wash with saturated sodium chloride, dry over magnesium sulfate, filter and concentrate in 
vacuo to yield the title compound. 

Scheme I, step f: 3-f(p-chlorophenacvl)methvlamino1-2-carbethoxv-4,6-dichloroindole 

Dissolve 3-[(p-chlorophenacyl)methylamino]-2^^ f rom 
above in methylene chloride (15mL). Add trifluoroacetic acid (5mL) and stir for 5 hours. Concentrate the reaction 
in vacuo, dilute with ethyl acetate (100mL), wash with saturated sodium carbonate, dry over magnesium sulfate, 
filter and concentrate in vacuo. Recrystallize the residue from ethyl acetateThexane to yield the title compound 
(1-39). 

Example 28q 

Preparation of 3-f(p-chlorophenacyl)methylaminol-2-carboxv-4,6-dichloroindole 



Mix 3-[(p-chlorophenacyl)methylamino]-2-carbethoxy-4,6-dichloroindole (1.3g, 3.1mmol), excess lithium hydroxide, 
tetrahydrofuran and water and stir overnight. Dilute with ethyl acetate and separate the layers. Dry the organic phase 
over magnesium sulfate, filter and concentrate in vacuo to yield the title compound; mp 279°-283°C. 
Anal. Calcd for C u H^C\ 3 N 2 0 3 : C, 51 .35; H, 2.79; N, 7.04; 
Found: C, 51.30; H, 2.81; N, 7.00. 




H 



O 
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Example 29 

Preparation of 3-[(PhenvlsuKonvl)amino1-2-carbethoxv-4,6-dichlQroindole 




Mix 3-amino-2-carbethoxy-4,6-dichloroindole (3.31g, 12.lmmol) and anhydrous pyridine (50ml_). Add, by dropwise ad- 
dition, phenylsulfonyl chloride (2.35g, 13.33mmoI). Stir for 48 hours at room temperature. Pour into 1N hydrochloric 
acid (500mL), extract with ethyl acetate and dry (MgS0 4 ). Evaporate the solvent in vacuo and recrystallize (ethyl 
acetate/hexane) to give the title compound (3.15g, 63%); mp 245-7° C. 

Example 30 

Preparation of 3-[(Phenvlsulfonvl)aminol-2-carboxy-4,6-dichloroindole 



? 




Mix 3-[(phenylsulfonyl)amino]-2-carbethoxy-4,6-dichloroindole (0.35g, O.B47mmol), tetrahydrofuran (10mL) and water 
(7mL). Add lithium hydroxide monohydrate (0.11g, 2.54mmol) and stir at room temperature overnight. Warm at 65 6 C 
for 5 hours, pour into water and acidify to pH 1 with 1N hydrochloric acid. Extract into ethyl acetate, dry (14gS0 4 ) and 
evaporate the solvent in vacuo. Recrystallize (ethyl acetate/hexane) to give the title compound (0.2g, 61%); mp 
229-35°C (dec). 

Example 31 

Preparation of 3-ffPhenvlsulfonvl)methylamino1-2-carbethoxv-4,6-dichloroindole 



g h 3 c o 

r i ii 




u 


II ° 




• Jl 
H O 




Scheme 1, step d 0 : 3-r(Phenylsulfonvl)amino1-2-carbethoxv-4,6-dichloro-1-(tert-butvloxvcarbonyl)-indol8 
Dissolve 3-[(phenylsulfonyl)amino]-2-carbethoxy-4,6-dichloroindole (5.0g, 12,10mmol) in anhydrous tetrahydro- 
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furan (200m!) and add di-tert-butyldicarbonate (2.91 g, 13.31mmol), followed by dlmethylaminopyridine (0.1 5g, 
1.21mmol). Stir at room temperature for 24 hours, pour into 1N hydrochloric acid (200mL) and extract into ethyl 
acetate. Wash with saturated sodium chloride, dry (MgS0 4 ) and evaporate the solvent in vacuo to give 6.34g crude 
product. Recrystallize (ethyl acetate/hexane) to give the title compound. 

Scheme I. step e: 34(Phenvlsu)fonynmethvlamino1^ 

Mix 3-[(phenylsulfonyl)amino]-2-carbethoxy^,6Hdich!oro-1-(tert-butyloxycailDonyl)-indole (0.77g, 1 .Smmol), meth- 
anol (52.9mg, 1.65mmol), triphenylphosphine (434mg, 1.65mmol) and anhydrous tetrahydrofuran (10mL). Add, 
by dropwise addition, a solution of diethyl azodicarboxylate (288mg, 1.65mmol) in anhydrous tetrahydrofuran 
(10mL). Stir at room temperature for 5 hours. Evaporate the solvent in vacuo and purify by flash chromatography 
(10% ethyl acetate/hexane) to give the title compound (490mg, 62%). 

Scheme I, step f: 3-f(Phenvlsulfonvl)methvlamino1-2-carbethoxv-4,6-dichloroindole 

Dissolve 3-[(phenylsulfonyl)methylamino]-2^ (400mg, 
0.758mmol) in methylene chloride (15mL). Add, by dropwise addition, trifluoroacetic acid (15mL) and stir at room 
temperature for 3 hours. Evaporate the solvent in vacuo and treat the resulting residue with saturated sodium 
hydrogen carbonate. Extract into methylene chloride and dry (MgS0 4 ). 
Recrystallize (ethyl acetate/hexane) to give the title compound (70mg, 22%); mp 244-45°C. 

Example 32 

Preparation of 3-[fPhenvlsulfonvl)methvlaminoV2-carboxy-4,6-dichloroindole 




Mix 3-[(phenylsulfonyl)methylamino]-2-carbethoxy-4,6-dichloroindole (185mg, 0.433mmol), tetrahydrofuran (25mL) 
and water (25mL). Add lithium hydroxide monohydrate (2.6mmol) and stir at room temperature for 3 days, then at reflux 
for 5 hours. Pour Into 1N hydrochloric acid (200ml_) and extract into ethyl acetate. Dry (MgS0 4 ) and evaporate the 
solvent in vacuo. Recrystallize (ethyl acetate/hexane) to give the title compound (1 22mg, 71 %); mp 286-90°C. 

Example 33 

Preparation of 3-r(Methvloxalylate)aminoV2-carbethoxv-4,6-dichloroindole 




Mix 3-amino-2-carbethoxy-4,6-dichloroindole (3.8g, 13.91mmol), triethylamine (1.55g, 1 5. 3mmoi) and methylene chlo- 
ride (250mL). Add methyl oxalylchloride (1.88g, 15.30mmol) and stir at room temperature for 3.5 hours. Pour into 
saturated sodium hydrogen carbonate and separate the organic phase. Wash with saturated sodium chloride, dry 
(MgS0 4 ) and evaporate the solvent in vacuo to give a tan solid. Recrystallize (ethyl acetate/hexane) to give the title 
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compound (3.47g, 69%); mp 192-3°C. 
Example 34 

Preparation of S-f^xalvDaminol-g-carboxy^^-dichloroindole 




Dissolve 3-[(methyloxalylate)amino]-2-carbethoxy-4,6-dichloroindole (180mg, 0.5mmol) in tetrahydrofuran (2.5mL) 
and water (2.5mL). Add lithium hydroxide monohydrate (1.5mmol) and stir overnight at room temperature. Dilute with 
water and wash with ethyl acetate. Acidify with 6N hydrochloric acid and extract with ethyl acetate. Dry (MgS0 4 ) and 
evaporate the solvent in vacuo. Recrystallize (ethyl acetate/hexane) to give the title compound (70mg, 45%). 

Example 35 

Preparation of 3-[flv1ethvloxalvlate)benzvlamino1-2-carbethoxv-4,6-dichloroindole 




Scheme 1, step do: 34(Methvloxalvlate)aminol-2-carbethoxv-4,6Hjichloro-1-(tert-butvloxvcarbonvl>-indole 
Dissolve 3-[(methyloxalylate)amino]-2-carbethoxy-4,6-dichloroindole (2.04g, 5.70mmol) in tetrahydrofuran (40mL) 
and add di-tert-butyi dicarbonate (1.37g, 6.27mmol) and dimethyiaminopyridine (catalytic). Stir at room tempera- 
ture for 24 hours and evaporate the solvent in vacuo. Purify by flash chromatography (2:1 hexane/ethyl acetate) 
to give 1 .51 g crude product. Recrystallize (ethyl acetate/hexane) to give the title compound (1 .28g, 49%). 

Scheme I, step e: 3-ffMethvloxalv1ate)benzvlamino1-2-carbethoxv-4,6-dichloro-1-ftert-butvloxycarbonvn-indole 
Suspend sodium hydride (47.9mg of a 60% dispersion, 1 .20mmol) in dimethylformamide (1 OmL), cool to 0°C and 
place under an inert atmosphere. Add a solution of S-KmethyloxalylateJaminoj-a-carbethoxy^.e-dichloro-l-pert- 
butyloxycarbonyl)-indoie (500mg, 1.09mmol) in dimethylformamide (15mL). Stir for 20 minutes, remove the ice 
bath and stir for additional 15 minutes. Add benzyl bromide (205mg, 1 .20mmol) and stir for 3 hours. Pour onto 1 N 
hydrochloric acid and extract with ethyl ether. Dry and evaporate the solvent in vacuo to give a white solid. Re- 
crystallize (ethyl acetate/hexane) to give the title compound (426mg, 72%). 

Scheme I, step f: 3-f(Methyloxalvlate)benzvlamino1-2-carbethoxy 4,6-dichloroindole 

Dissolve 3-[(methyloxalylate)benzylamino]-2-carbethoxy-4,6-dichloro-1 -(tert-butyloxycarbonyl)-indole (351 mg, 
0.5B6mmol) in methylene chloride (15mL) and add trifluororacetic acid (15mL). Stir for 24 hours and pour into 
saturated sodium hydrogen carbonate (100mL). Extract into methylene chloride, wash with water, dry (MgS0 4 ) 
and evaporate the solvent in vacuo. Recrystallize (ethyl acetate/hexane) to give the title compound as white crystals 



51 



EP 0 483 881 B1 

(70mg t 27%); mp 1B3-85°C. 
Example 36 

Preparation of S-rfQxalvDbenzvlaminol-a-carboxv^.S-dichbroindole 




Mix 3-[(methyloxalylate)benzylamino]-2-carbethoxy 4,6-dichioroindole (1 80mg, 0.401 mmol), tetrahydrofuran (1 2.5mL) 
and water (12.5mL). Add lithium hydroxide monohydrate (67mg, 1.6mmo!) and stir at room temperature for 48 hours. 
Pour into 1 N hydrochloric acid (1 OOmL) and extract with ethyl acetate. Dry (MgS0 4 ) and evaporate the solvent in vacuo. 
Recrystallize (ethyl acetate/hexane) to give the title compound as a white solid (126mg, 77%); mp 22B-32°C (dec). 

Example 37 

Preparation of 3-rfMethvloxalvlate)methvlaminol-2-carbethoxv-4 ( 6-dichloroindole 




H 3 C O O 
t II II 
N— C— C— OMe 



— OEt 



Scheme I, step e: 3-ffMethvloxatvlate)methvlaminol-2-carbethoxv>4,6-dichloro-1-ftert"butvloxvcarbonyl) -indole 
Suspend sodium hydride (47.96mg of a 60% dispersion, 1 .20mmol) in dimethylformamide (20mL), cool to 0°C and 
place under nitrogen atmosphere. Add, by dropwise addition, a solution of 3-[(methyloxalylate)amino]-2-car- 
bethoxy-4,6-dichloro-1-(tert-butyloxycarbonyl)-indole (500mg, 1.09mmol) in dimethylformamide (30mL). Allow to 
warm to room temperature and stir for 30 minutes. Add methyl iodide (170mg) and stir overnight. Pour onto 1N 
hydrochloric acid and extract with ethyl ether. Dry and evaporate the solvent in vacuo. Recrystallize (ethyl acetate/ 
hexane) to give the title compound. 

Scheme I, step f: 3-r(lv1ethvioxalvlate)methvlamino1-2-carbethoxv-4 t 6-dichloroindole 

Dissolve 3-[(methyloxalylate)methylamino}-2-carbethoxy-4,6-dichloro-1-(tert-butyloxycarbonyl)-indole (430mg, 
0.909mmol) in methylene chloride (15mL). Add trifluoroacetic acid (20mL) and stir for 24 hours. Evaporate the 
solvent in vacuo and treat the resulting residue with saturated sodium hydrogen carbonate. Extract into methylene 
chloride and dry (MgS0 4 ). Evaporate the solvent in vacuo and recrystallize (ethyl acetate/hexane) to give the title 
compound (221 mg, 65%). 
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Example 38 

Preparation of 3-f(OxalvnmethvlaminoV2-carboxv-4,6-dichloroindole 




H 3 C 0 O 
I II II 
N- C— C— OH 



— OH 



Mix 3-[(methyloxalylate)methylamino]-2-carbetho)cy-4,6<Jichloroindo (156mg, 0.418mmol) in tetrahydrofuran (25mL) 
and water (25mL). Add lithium hydroxide monohydrate (88mg, 2.09mmol) and stir for 24 hours. Pour into 1N hydro- 
chloride acid and extract into ethyl acetate. Wash with water, dry (MgS0 4 ) and evaporate the solvent in vacuo. Re- 
crystallize (ethyl acetate/hexane') to give the title compound as a white solid (114mg, 83%); mp 230-34°C (dec). 

Example 39 

Preparation of 3-f(4-Nitrophenacyl)aminol-2-carbethoxv-4,6-dichloroindole 




Dissolve 3-amino-2-carbethoxy-4,6-dichloroindole (10g, 36.6mmol) in anhydrous pyridine (100mL). Add 4-nitrobenzoyl 
chloride (7.47g, 40.27mmol) and stir for 5 hours. Pour into 1 N hydrochloric acid (500ml_) and extract into ethyl acetate. 
Evaporate the solvent in vacuo and dry at 70°C under vacuum to give the title compound (1 5.75g, 1 00%); mp 283-86°C. 

Example 40 

Preparation of 3-r(4-Nitrophenacyl)amino1-2-carboxv-4 I 6-dichioroindole 




Mix 3-[(4-nrtrophenacyl)amino]-2-carbethoxy-4,6-dlchloroindole (161mg, 0.381 mmol), tetrahydrofuran (20ml) and wa- 
ter (20mL). Add lithium hydroxide monohydrate (64mg, 1.52mmol) and stir overnight. Heat at reflux for 4 hours, cool 
to room temperature and pour onto 1 N hydrochloric acid (100mL). Collect the resulting solid by filtration and air dry to 
give the title compound (1 48mg, 99%); mp 270-72°C. 
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Example 41 

Preparation of 3-rf4- Aminophenacvf)amino1-2-carbethoxv»4.6-dich}oroindole 




Dissolve 3-[(4-nitrophenacyl)amino]-2-carbethoxy-4 > 6-dichloroindole (0.5g, 1 . 184mmol) in ethanol (20mL) and add tin 
(II) chloride monohydrate (1.60g, 7.1mmol). Heat to 70°C overnight. Pour into ethyl acetate/water (200mL) and add 
solid sodium hydrogen carbonate to obtain pH 7. Filter and evaporate the solvent in vacuo to give the title compound 
as a pale yellow oil (0.477, 1 00%). 

Example 41a 

Preparation of 3-rfphenacvl)amino1-2-carbethoxv-5,6-dichloroindole 




Scheme IV, step a, Pr eparation of starting material: 3-Nitro-2-carbethoxy-5,6-dichloroindole 
Dissolve 3,4-dichlorophenylhydrazine hydrochloride (300g) in anhydrous ethanol (2L). Add ethyl pyruvate 
(153.6mL) and concentrated sulfuric acid (25mL). Sir at room temperature under a nitrogen atmosphere for 3 
hours. Evaporate the solvent in vacuo, take up the residue in ethyl acetate/water and treat with saturated sodium 
hydrogen carbonate. Separate the aqueous phase and extract with ethyl acetate. Combine the organic phases, 
dry (MgS0 4 ) and evaporate the solvent in vacuo to give the 3,4-dichlorophenylhydrazone of ethyl pyruvate and 
as a solid. Both E and Z isomers are obtained. 

Add polyphosphoric acid (2kg) to the 3,4-dichlorophenyl-hydrazone of ethyl pyruvate (1 OOg) and heat on a steam 
bath for 5 hours. Add a small amount of ice and pour onto ice to decompose the polyphosphoric acid. Extract the 
resulting suspension into ethyl acetate (3X1 L) and dry (MgS0 4 ). Evaporate the solvent in vacuo to give a light 
brown solid. Stir the solid with ethyl ether (1 L) for 1 hour and filter off 2-carboxyethyl-4,6-dichloroindole. Heat the 
filtrate with activated charcoal, filter through diatomaceous earth and evaporate the solvent in vacuo to give a 
second crop of 2-carboxyethyl-4,5-dichloroindole as a tan solid ( 89.4g total, 95%). 

Mix 2-carboxyethyl-5,6-dichloroindole (50g) and acetic acid (1 L) and add, by dropwise addition, 90% (white fuming) 
nitric acid (250mL). Apply a water bath as necessary to keep the temperature below 29°C. Stir for 1 0 minutes after 
all of the solid is dissolved and pour into ice (6L). Filter off the solid and wash with water. Dissolve the solid in ethyl 
acetate, treat with saturated sodium hydrogen carbonate solution, and separate the organic phase. Dry (MgS0 4 ), 
filter and evaporate the solvent in vacuoto give the crude product as a tan solid. Slurry the solid in a small amount 
of chloroform, filter and dry to give the title compound. 

Scheme IV, step b: 3-Amino-2-carbethoxv-5.6-dichloroindole 

Dissolve 3-nitro-2-cart>ethoxy-5,6-dichloroindole (38.1g) in ethanol (1L) and add tin (II) chloride dihydrate (163g). 
Warm to between 65 and 75°C for 4 to 5 hours. Cool to room temperature and pour into a mixture of ethyl acetate 
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(3L) and water (2L). Add solid potassium carbonate and stir occasionally until the carbon dioxide evolution ceases. 
Filter throught diatomaceous earth and separate the organic phase of the filtrate. Dry (MgS0 4 ) and evaporate the 
solvent in vacuo to give the title compound. 

5 Scheme I, step c: 3-r(phenacvl)aminol-2-carbethoxv-5,6"dich}oroindole 

Dissolve 3-amino-2-carbethoxy-5,6-dichloroindole (2.2g, Bmmol) in methylene chloride (70mL) and add triethyl- 
amine (1.16mL, Bmmol) followed by benzoyl chloride (0.93mL, 8mmol). Stir the reaction 48 hours at room tem- 
perature. Dilute the reaction with ethyl acetate (300mL), wash with water (100ml_), dry the organic phase over 
magnesium sulfate, filter and concentrate in vacuo. Recrystallize the residue from ethyl acetate/hexane to yield 

10 the title compound. 

Example 41b 

Preparation of 3-lfphenacyl)methvlamino1-2-carbethoxv-5,6-dichloroindole 

is 



H 3 C O 




Scheme I, step do: 3-f(phenacvnamino1-2-carbethoxv-5,6-dichloro-1-ftert-butyioxvcarbonvnHndole 
Mix 3-[(phenacyl)amino]-2-carbethoxy-5,6-dichloroindole (2g, 4.8mmol), di-tert-butyl dicarbonate (1g, 4.8mmol), 
tetrahydrofuran (90mL), dimethylaminopyridine (42mg, 0.3mmol) and stir at room temperature for 1 hour. Dilute 
with ethyl acetate (100mL), wash with water, saturated sodium chloride, dry over magnesium sulfate, filter and 
concentrate in vacuo. Recrystallize the residue from ethyl acetate/hexane to yield the title compound. 

Scheme I. step e: 3-rfphenacvnmethvlaminoV2-carbethoxv-5,6-dichloro>1-(tert-butvloxvcarbonyl)-indole 
Suspend sodium hydride (160mg of a 60% dispersion, 4mmol) in anhydrous tetrahydrofuran/dimethyrformamide 
(3mL72:1) and cool to 0°C under a nitrogen atmosphere. Add 3-[(phenacyl)amino]-2-carbethoxy-5,6-dichloro-1- 
(tert-butyloxycarbonyl)-indole (2g, 3.9mmoJ) in tetrahydrofuran/dimethyiformamide (10mU2:1) dropwise to the 
suspension. Stir at 0°C for 30 minutes. Add methyl iodide (0.137mL, 2.2mmol) and stir for 30 minutes at 0°C. 
Warm the reaction to room temperature and after 4 hours quench with water (20mL). Extract with ethyl acetate 
(20mL), wash with saturated sodium chloride, dry over magnesium sulfate, filter and concentrate in vacuo to yield 
the title compound. 

Scheme I, step f: 3-r(phenacvl)methvlamino1-2-carbethoxy-5 t 6-dichloroindole 

Dissolve 3-[(phenacyl)methylamino]-2-carbethoxy-5,6-dichloro-1-(tert-butyloxycarbonyl)-indole from above in 
methylene chloride (15mL). Add trifluoroacetic acid (5ml_) and stir for 5 hours. Concentrate the reaction in vacuo, 
dilute with ethyl acetate (1O0mL), wash with saturated sodium carbonate, dry over magnesium sulfate, filter and 
concentrate in vacuo. Recrystallize the residue from ethyl acetate/hexane to yield the title compound. 



so 
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Example 41c 

Preparatio n of 3-rfphenacvnmethvlamino1-2-carfaethoxv-5,6-dichloroindol6 




Mix 3-[(phenacyi)methylamino]-2-carbethoxy-5,6-dichloroindole (750mg,1 .78mmol), lithium hydroxide (210mg, 
Smmol), tetrahydrofuran (10mL) and water (10mL). Stir for 24 hours at room temperature. Dilute with ethyl acetate 
(40mL). Acidity while stirring and separate the layers. Dry the organic phase over magnesium sulfate, filter and con- 
centrate in vacuo. Recrystallize the residue (ethyl acetate/hexane) to yield the title compound. 

Example 41 d 

Preparation of 3-r(phenacvl)methvlaminol-2-carbonvlaminotetrazole-6-chloroindole 




Scheme IV. Dissolve 3-[(phenacyl)methylamino]-2-carboxy-6-chloroindole (1mmol) in toluene, add thionyl chloride 
(2m L) and warm to 50°C for 3 hours. After cooling, concentrate the reaction in vacuo and reconcentrate two more 
times from toluene. Dissolve the acid chloride in methylene chloride and treat with 5-aminotetrazole (1mmol). Stir the 
reaction for 24 hours. Dilute the reaction with water, extract with ethyl acetate, dry the organic phase over magnesium 
sulfate, filter and concentrate to yield the title compound. 

The compounds of Formulae la through Ic are excitatory amino acid antagonists. They antagonize the effects which 
excitatory amino acids have upon the NMDA receptor complex. They preferentially bind to the strychnine-insensitive 
glycine binding site associated with the NMDA receptor complex. They are useful in the treatment of a number of 
disease states. 

The compounds exhibit anti-convulsant properties and are useful in the treatment of epilepsy. They are useful in 
the treatment of grand mal seizures, petit mal seizures, psychomotor seizures, autonomic seizures, etc. One method 
of demonstrating their anti-epileptic properties is by their ability to inhibit the seizures that are caused by the adminis- 
tration of quinolinic acid. This test can be conducted in the following manner. 

One group containing ten mice are administered 0.01 - 100 u.g of test compound intracerebroventricularly in a 
volume of 5 microliters of saline. A second control group containing an equal number of mice are administered an 
equal volume of saline as a control. Approximately 5 minutes later, both groups are administered 7.7 micrograms of 
quinolinic acid intracerebroventricularly in a volume of 5 microliters of saline. The animals are observed for 15 minutes 
thereafter for signs of clonic-tonic seizures. The control group will have a statistically higher rate of clonic-tonic seizures 
than will the test group. 

Another method of demonstrating the anti-epileptic properties of these compounds is by their ability to inhibit au- 
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diogenic convulsions in DBA/2 mice. This test can be conducted in the following manner. Typically one group of from 
6-8 male DBA/2 J audiogenic susceptible mice are administered from about 0.01 u.g to about 1 00 u.g of the test com- 
pound. The test compound is administered intracereb rally into the lateral ventricle of the brain. A second group of mice 
are administered an equal volume of saline control by the same route. Five minutes later the mice are placed individually 

s in glass jars and are exposed to a sound stimulus of 110 decibels for 30 seconds. Each mouse is observed during the 
sound exposure for signs of seizure activity. The control group will have a statistically higher incidence of seizures than 
the group which receives the test compound. 

The compounds of Formulae la through Ic are useful for preventing or minimizing the damage which nervous 
tissues contained within the CNS suffer upon exposure to either ischemic, hypoxic, or hypoglycemic conditions or as 

10 the result of physical trauma. Representative examples of such conditions include strokes or cerebrovascular accidents, 
hyperinsulinemia, cardiac arrest, physical trauma, drownings, suffocation, and neonatal anoxic trauma. The com- 
pounds should be administered to the patient within 24 hours of the onset of the hypoxic, ischemic, or hypoglycemic 
condition in order for the compounds to effectively minimize the CNS damage which the patient will experience. 

The compounds are also useful in the treatment of neurodegenerative diseases such as Huntington's disease, 

75 Alzheimer's disease, senile dementia, glutaric acidaemia type I, Parkinson's disease, multi-infarct dementia, and neu- 
ronal damage associated with uncontrolled seizures. The administration of these compounds to a patient experiencing 
such a condition will serve to either prevent the patient from experiencing further neurodegeneration or it will decrease 
the rate at which the neurodegeneration occurs. 

As is apparent to those skilled in the art, the compounds will not correct any CNS damage that has already occurred 

20 as the result of either disease, or a lack of oxygen or sugar. As used in this application, the term "treat" refers to the 
ability of the compounds to prevent further damage or delay the rate at which any further damage occurs. 

The compounds exhibit an anxiolytic effect and are thus useful in the treatment of anxiety. These anxiolytic prop- 
erties can be demonstrated by their ability to block distress vocalizations in rat pups. This test is based upon the 
phenomenon that when a rat pup is removed from its litter, it will emit an ultrasonic vocalization. It was discovered that 

25 anxiolytic agents block these vocalizations. The testing methods have been described by Gardner, C.R., Distress 
vocalization in rat pups: a simple screening method for anxiolytic drugs. J. Pharmacol. Methods , 14:181-187 (1985) 
and Insel et al. Rat pup ultrasonic isolation calls: Possible mediation by the benzodiazepine receptor complex. Phar- 
macol. Biochem. Behav ., 24: 1263-1267 (1986). 

The compounds also exhibit an analgesic effect and are useful in controlling pain. The compounds are also effective 

30 in the treatment of migraine. 

In order to exhibit these therapeutic properties, the compounds need to be administered in a quantity sufficient to 
inhibit the effect which the excitatory amino acids have upon the NMDA receptor complex. The dosage range at which 
these compounds exhibit this antagonistic effect can vary widely depending upon the particular disease being treated, 
the severity of the patient's disease, the patient, the particular compound being administered, the route of administra- 

35 tion. and the presence of other underlying disease states within the patient, etc. Typically the compounds exhibit their 
therapeutic effect at a dosage range of from about 0.1 mg/kg/day to about 50 mg/kg/day for any of the diseases or 
conditions listed above. Repetitive daily administration may be desirable and will vary according to the conditions 
outlined above. 

The compounds of the present invention may be administered by a variety of routes. They are effective if admin- 
40 istered orally. The compounds may also be administered parente rally (i.e. subcutaneously, intravenously, intramuscu- 
larly, intraperitoneally, or intrathecally). 

Pharmaceutical compositions can be manufactured utilizing techniques known in the art. Typically an antagonistic 
amount of the compound will be admixed with a pharmaceutical^ acceptable carrier. 

For oral administration, the compounds can be formulated into solid or liquid preparations such as capsules, pills, 
^5 tablets, lozenges, melts, powders, suspensions, or emulsions. Solid unit dosage forms can be capsules of the ordinary 
gelatin type containing, for example, surfactants, lubricants and inert fillers such as lactose, sucrose, and cornstarch 
or they can be sustained release preparations. 

In another embodiment, the compounds of Formula I can be tableted with conventional tablet bases such as lac- 
tose, sucrose, and cornstarch in combination with binders, such as acacia, cornstarch, or gelatin, disintegrating agents 
so such as potato starch or alginic acid, and a lubricant such as stearic acid or magnesium stearate. Liquid preparations 
are prepared by dissolving the active ingredient in an aqueous or non-aqueous pharmaceutical^ acceptable solvent 
which may also contain suspending agents, sweetening agents, flavoring agents, and preservative agents as are known 
in the art. 

For parenteral administration the compounds may be dissolved in a physiologically acceptable pharmaceutical 
55 carrier and administered as either a solution or a suspension. Illustrative of suitable pharmaceutical carriers are water, 
saline, dextrose solutions, fructose solutions, ethanol, or oils of animal, vegetative, or synthetic origin. The pharma- 
ceutical carrier may also contain preservatives, buffers, etc., as are known in the art. When the compounds are being 
administered intrathecally, they may also be dissolved in cerebrospinal fluid as is known in the art. 
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The compounds of this invention can also be administered topically. This can be accomplished by simply preparing 
a solution of the compound to be administered, preferably using a solvent known to promote transdermal absorption 
such as ethanol or dimethyl sulfoxide (DMSO) with or without other excipients. Preferably topical administration will 
be accomplished using a patch either of the reservoir and porous membrane type or of a solid matrix variety. 

Some suitable transdermal devices are described in U.S. Pat. Nos. 3,742,951, 3,797,494, 3,996,934, and 
4,031 ,894. These devices generally contain a backing member which defines one of its face surfaces, an active agent 
permeable adhesive layer defining the other face surface and at least one reservoir containing the active agent inter- 
posed between the face surfaces. Alternatively, the active agent may be contained in a plurality of microcapsules 
distributed throughout the permeable adhesive layer, in either case, the active agent is delivered continuously from 
the reservoir or microcapsules through a membrane into the active agent permeable adhesive, which is in contact with 
the skin or mucosa of the recipient. If the active agent is absorbed through the skin, a controlled and predetermined 
flow of the active agent is administered to the recipient. In the case of microcapsules, the encapsulating agent may 
also function as the membrane. 

In another device for transdermal^ administering the compounds in accordance with the present invention, the 
pharmaceutically active compound is contained in a matrix from which it is delivered in the desired gradual, constant 
and controlled rate. The matrix is permeable to the release of the compound through diffusion or microporous flow 
The release is rate controlling. Such a system, which requires no membrane is described in U.S. Pat. No. 3,921,636. 
At least two types of release are possible in these systems. Release by diffusion occurs when the matrix is non-porous. 
The pharmaceutically effective compound dissolves in and diffuses through the matrix itself. Release by microporous 
flow occurs when the pharmaceutically effective compound is transported through a liquid phase in the pores of the 
matrix. 

While the invention has been described in connection with specific embodiments thereof, it will be understood that 
it is capable of further modifications and this application is intended to cover any variations, uses, or adaptations of 
the invention following, in general, the principles of the invention and including such departures from the present dis- 
closure as come within known or customary practice within the art. 

As used in this application: 

a) the term "patient" refers to warm blooded animals such as, for example, guinea pigs, mice, rats, cats, rabbits, 
dogs, monkeys, chimpanzees, and humans; 

b) the term "treat" refers to the ability of the compounds to either relieve, alleviate, or slow the progression of the 
patient's disease or prophylactically prevent its occurence or the manifestation of its symptoms; 

c) the term "neurodegeneration" refers to a progressive death and disappearance of a population of nerve cells 
occurring in a manner characteristic of a particular disease state and leading to brain. damage. 

The compounds of Formula I may also be admixed with any inert carrier and utilized in laboratory assays in order 
to determine the concentration of the compounds within the serum, urine, etc., of the patient as is known in the art. 

Neurodegenerative diseases are typically associated with a loss of NMDA receptors. Thus, the compounds of 
Formulae la through Ic may be utilized in diagnostic procedures to aid physicians with the diagnosis of neurodegen- 
erative diseases. The compounds may be labelled with imaging agents known in the art such as isotopic atoms and 
administered to a patient in order to determine whether the patient is exhibiting a decreased number of NMDA receptors 
and the rate at which that loss is occurring. 



Claims 

1 . A compound of the formula: 
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lb 



or 




in which 2 is represented by H, C,-C4 alkyl, phenyl, substituted phenyl, or a phenylaikyl substituent in which the 
phenyl ring may be optionally substituted; R is represented by hydrogen, halogen, C n -C 4 alkyi, C-,-C 4 alkoxy, CF 3 , 
OCF 3> OH, N0 2 , or CN; B is represented by hydrogen, C^-C^ alkyl, optionally substituted phenylaikyl, or -CH 2 - 
COR 2 ; X is represented by CO or S0 2 ; A is represented by a substituent selected from the group consisting of: 




H> 



H 



-o o o 
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in which L is represented by a substituent selected from the group consisting of hydrogen, halogen, C,-C 4 alkyl, 
C,-C 4 alkoxy, CF 3 , OCF 3 , OH, N0 2> NH 2 , phenylalkyl, acetyloxy or CN; R 1( R 2 , and D are each independently 
represented by a substituent selected from the group consisting of -OH, -OR3 -NF^Rg, -OCH 2 OR 3 , and -0-(CH 2 ) m - 
NR 6 R 7 , in which m is an integer from 1-4; R3 is represented by C-,-C 4 alkyl, phenyl, substituted phenyl or a phe- 
nylalkyl substituent in which the phenyl ring may be optionally substituted; R4 and R 5 are each independently 
represented by hydrogen or a C,-C 4 alkyl; Re and R 7 are each independently represented by hydrogen or a C-,- 
C 4 alkyl, or R 6 and R? together with the adjacent nitrogen atom form a piperidino, morpholino, or pyrrol idino group; 
wherein the term "substituted phenyl(ring)" refers to a phenyl moiety (C 6 H 5 ) which is substituted with up to 3 
substituents, each substituent is independently selected from the group consisting of halogens, C,^ alkyl, C,^ 
alkoxy, CF 3> OCF 3 , OH, CN, NH 2 and N0 2 , and the substituents may be the same or different and may be located 
at any of the ortho, meta or para positions; and the pharmaceutical acceptable salts thereof; with the following 
proviso's 1 ) that when R, Z, B, are hydrogen, is OR 3 in which R 3 is ethyl, and X is CO, then L is not hydrogen; 

2) that when X is S0 2 , R and B are hydrogen, and Z is methyl, then L is not para N0 2 or para Methyl or para CI; 

3) that when X is S0 2 , R and B are hydrogen, and Z is H, then L is not para CI; 4) that when X is SOg, A cannot 
be C(0)-D or tetrazole. 

A compound according to claim 1 which can be described by the formula: 




la 



z 



A compound according to claim 1 which can be described by the formula: 



B 

t 




Z H 
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4. A compound according to claim 1 which can be described by the formula Ic: 



5 



10 




Ic 



5. A compound according to any of claims 1 to 3 in which A is represented by: 

15 



20 




6. A compound according to any of claims 1 to 3 in which A is 

25 



30 




7. A compound according to any of claims 1 to 3 in which A is 

35 



40 




45 

8. A compound according to any of claims 1 to 3 in which A is 



50 




9. A compound according to any of claims 1 to 3 in which A is 

55 
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75 



10. A compound according to any of claims 1 to 9 in which B is C r C 4 alkyl, optionally substituted phenyialkyl, or -CH 2 - 
COR2. 

11 . A compound according to any of claims 1 to 10 in which X is CO. 

12. A compound according to any of claims 1 to 9 in which X is SO2. 

13. A compound according to any of claims 1 to 12 in which R is 4,6-, or 5,6- dichloro-. 

14. A compound according to any of claims 1 to 12 in which R is 6-chloro-. 

20 15. A compound according to claim 2 in which B is CH 3 , R is 4,6-dichloro, Z is H, R is H, and A is C e H 5 . 
16. A process for producing compounds of formulae 
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40 
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Ic 



as defined in claim 1 and the pharmaceutical^ acceptable salts thereof comprising: 

A) for those compounds of Formula la in which 2 and B are both represented by hydrogen and in which the 
other substituents are defined as in claim 1 carrying out the reaction depicted in Reaction Scheme I: 



Reaction Scheme I 



r>^Njh 2 



Base 



H^C-Rt (2) 



h 




H 



B) for those compounds of Formula la in which B is represented by hydrogen and in which all the other sub- 
stituents are defined as in claim 1 carrying out the reaction depicted in Reaction Scheme II: 
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Reaction Scheme 



II 




H 

I 



N 




strong 
base 



Z-Hal 

COR! Alkylation R 




C) for those compounds of Formula la in which Z is represented by hydrogen and in which all the other sub- 
stituents are defined as in claim 1 carrying out the reaction depicted in Reaction Scheme III: 




Reaction Scheme III 



Base 



OlCC^Bu'lj 
C0Rl Protection R' 




H 
I 



/N-X-A Base 



B-Hal 

CORi Alkylation R ' 



pg 




I 

Pg 



r x^ N " X " A Deprotection 
v CORi 



Excess 

Acid r' 



H 

I 

^N-X-A 



Y COR! 
Pg 



B 
I 




-X-A 



B 

I 

^N-X-A 




Y CORi 
H 
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D) for those compounds of Formula la in which all the substituents are defined as in claim 1 carrying out the 
reaction depicted in Reaction Scheme IV: 

Reaction Scheme IV 



10 



is 




N-X-A 



COR, 



strong 
base 

Ha!-Z 
Alkylation 



B 

I 




Y COR, 
z 



20 



E) for those compounds of Formula lb in which all the substituents are defined as in claim 1 carrying out the 
reaction depicted in Reaction Scheme V: 



25 



Reaction Scheme V 



30 



35 




B 

I Functionalization 
^N-X-A 

(R 3 ) 3 Sn-Y 



NaN, 



*CN 




B 
I 

^N-X-A 



40 



F) for those compounds of Formula Ic in which all the substituents are defined as in claim 1 carrying out the 
reaction depicted in Reaction Scheme VI: 



45 



50 



55 
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Reaction Scheme VI 




H 



soci 2 

Coupling 




^r- N-C I! 



0 H 



G) any method or variation of the reaction schemes described above in the claim or in the specification. 

17. A pharmaceutical composition comprising a pharmaceuticaliy effective amount of a compound of any of claims 1 
to 1 5, optionally in admixture with conventional and pharmaceuticaliy acceptable carriers, additives and/or adju- 
vants. 

18. A pharmaceutical composition according to claim 17 for antagonizing the effects of excitatory amino acids upon 
the NMDA receptor complex. 

19. A pharmaceutical composition according to claim 17 for the treatment of epilepsy. 

20. A pharmaceutical composition according to claim 17 for the treatment of neurodegenerative diseases. 

21. A pharmaceutical composition according to claim 17 for preventing and for the treatment of ischemic/hypoxic/ 
hypoglycemic damage to cerebral tissue. 

22. A pharmaceutical composition according to claim 17 for the treatment of anxiety. 

23. A pharmaceutical composition according to claim 17 for producing an analgesic effect. 

24. Use of a compound according to any of claims 1 to 15 for the preparation of a pharmaceutical composition as 
defined in claims 1 7 to 22. 
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Patentanspruche 

1. Verbindung der Formel 



10 



15 




la 



20 



25 



X-A 




tb 



30 



Oder 



35 



40 




N— X— A 



— N — ■ 



r 

H 



IC 



45 



in der 2 ein Wasserstoffatom, einen Cj-C^-Alkylrest, eine Phenylgruppe, einen substituierten Phenylrestodereinen 
Phenylalkyl-Substituenten mit gegebenenfalls substituiertem Phenylring bedeutet; R ein Wasserstoffatom, ein Ha- 
iogenatom, einen C r C 4 -Alkyl-, C-j-C^AIkoxyrest, eine CF 3 -, OCF 3 -, OH-, N0 2 - Oder CN-Gruppe bedeutet; B ein 
Wasserstoffatom, einen C 1 -C 4 -Alkylrest, einen gegebenenfalls substituierten Phenylalkylrest oder einen Rest 
-CH 2 -COR 2 bedeutet; X eine CO- oder S0 2 -Gruppe bedeutet; A einen Substituenten bedeutet, ausgewahlt aus 
der Gruppe bestehend aus 



50 



55 
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wobei L einen Substituenten bedeutet, ausgewahlt aus der Gruppe, bestehend aus einem Wasserstoffatom, einem 
Halogenatom, einem C 1 -C 4 -Alkyl-, C-j-C^AIkoxyrest, einer CF 3 -, OCF 3 -, OH-, N0 2 -, NH 2 -Gruppe, einem Phenyl- 
alkylrest, einer Acetyloxy- Oder CN-Gruppe; R,, R 2 und D jeweils unabhangig voneinander einen Substituenten 
bedeuten, ausgewahlt aus der Gruppe, bestehend aus einer OH-Gruppe, einem Rest -OR 3 , -NR 4 R 5 , -OCH 2 OR 3 
und -0(CH 2 ) m -NR 6 R 7 , wobei m eine ganze Zahl von 1-4 ist; R 3 einen C r C 4 -Alkylrest, eine Phenylgruppe, einen 
substituierten Phenylrest Oder einen Phenylalkyl-Substituenten mit gegebenenfalls substituiertem Phenylring be- 
deutet; R 4 und R 5 jeweils unabhangig voneinander ein Wasserstoffatom oder einen C r C 4 -Alkylrest bedeuten; R 6 
und R 7 jeweils unabhangig voneinander ein Wasserstoffatom oder einen C^C^AIkylrest bedeuten; oder und 
R 7 zusammen mit dem benachbarten Stickstoffatom eine Piperidino-, Morphoiino- oder Pyrrolidinogruppe bilden; 
wobei der Ausdruck "substituierter Phenyl(ring)" eine Phenyleinheit ( C 6 H 5 ) bedeutet, die mit bis zu 3 Substitu- 
enten substituiert ist, wobei jeder Substituent unabhangig voneinander ausgewahlt ist, aus der Gruppe bestehend 
aus Halogenatomen, C^C^AIkyl-, C r C 4 -Alkoxyresten, CF 3 -, OCF 3 -, OH-, CN-, NH 2 - und N0 2 -Gruppen, und die 
Substituenten gleich oder verschieden sein konnen und an jeder der ortho-, meta- oder para-Stellungen vorhanden 
sein konnen; und die pharmazeutisch vertraglichen Salze davon; mit den folgenden MaBgaben, 1) daB L kein 
Wasserstoffatom ist, wenn R, Z, B Wasserstoffatome sind, R-, einen Rest OR 3 bedeutet, in dem R 3 eine Ethylgruppe 
ist und X eine Gruppe CO ist; 2) daG L weder eine N0 2 -Gruppe in para-Stellung noch eine Methyigruppe in para- 
Steliung noch ein Chioratom in para-Stellung ist, wenn X eine S0 2 -Gruppe ist, R und B Wasserstoffatome sind 
und Z eine Methyigruppe ist; 3) daB L kein Chioratom in para-Stellung ist, wenn X eine S0 2 -Gruppe ist, R und B 
Wasserstoffatome sind und Z ein Wasserstoffatom ist; 4) daB A kein C(0)-D- oder Tetrazolrest ist, wenn X eine 
S0 2 -Gruppe ist. 

Verbindung nach Anspruch 1 , der Formel 




Verbindung nach Anspruch 1, der Formel 
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10 




lb 



4. Verbindung nach Anspruch 1, der Formel Ic 



75 



20 



25 




" u I 



7 O H 1 

2 O H 



5. Verbindung nach einem der Anspruche 1 bis 3, wobei A 



Ic 



30 




35 bedeutet. 

6. Verbindung nach einem der Anspruche 1 bis 3, wobei A 

40 



45 




0> <Q 




Oder 



bedeutet. 

7. Verbindung nach einem der Anspruche 1 bis 3, wobei A 



so 
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bedeutet. 



8. 



Verbindung nach einem der Anspruche 1 bis 3, wobei A 



-C-D 



bedeutet. 



9. 



Verbindung nach einem der Anspruche 1 bis 3, wobei A 




H 



bedeutet. 

10. Verbindung nach einem der Anspruche 1 bis 9, wobei B ein C-, -C 4 - Alkylrest, gegebenenfalls substituierter Phe- 
nylalkylrest oder ein Rest -CHg-CORg ist. 

11. Verbindung nach einem der Anspruche 1 bis 10, wobei X eine CO-Gruppe ist. 

12. Verbindung nach einem der Anspruche 1 bis 9, wobei X eine S0 2 -Gruppe ist. 

13. Verbindung nach einem der Anspruche 1 bis 12, wobei R 4,6- oder 5,6-Dichlor- bedeutet. 

14. Verbindung nach einem der Anspruche 1 bis 12, wobei R 6-Chlor, bedeutet. 

15. Verbindung nach Anspruch 2, wobei B eine CH 3 -Gruppe ist, R 4,6-Dichlor bedeutet, Z ein Wasserstoffatom ist, R 
ein Wasserstoffatom ist und A eine C 6 H 5 -Gruppe ist. 

16. Verfahren zur Herstellung von Verbindungen der Formein 



B 




la 



z 
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10 




lb 
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15 



20 
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Ic 



25 



30 



wie in Anspruch 1 definiert und der pharmazeutisch vertraglichen Salze davon, umfassend: 

A) fur solche Verbindungen der Formel la in denen sowohl Z als auch B ein Wasserstoffatom bedeuten und 
die anderen Substituenten wie im Anspruch 1 definiert sind, das Durchfuhren der im Reaktionsschema I dar- 
gestellten Umsetzung: 



35 



40 



45 



50 



55 



71 



EP 0 483 881 B1 
Reaktionsschema T 




B) fur solche Verbindungen der Formel la in denen B ein Wasserstoffatom bedeutet und in denen alle anderen 
Substituenten wie im Anspruch 1 definiert sind, das Durchfuhren der im Reaktionsschema II dargestelften 
Umsetzung: 



Reaktionsschema II 




C) fur solche Verbindungen der Formel la in denen Z ein Wasserstoffatom bedeutet und in denen alle anderen 
Substituenten wie im Anspruch 1 definiert sind, das Durchfuhren der im Reaktionsschema III dargestellten 
Umsetzung: 
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Reaktionsschema III 
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Pg 
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Saure- 
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D) fur soiche Verbindungen der Forme! la in denen alle Substrtuenten wie im Anspruch 1 definiert sind, das 
Durchfuhren der im Reaktionsschema IV dargestellten Umsetzung: 



Reaktionsschema IV 
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E) fur solche Verbindungen.der Formel lb in denen alie Substituenten wie im Anspruch 1 definiert sind, das 
Durchfuhren der im Reaktionsschema V dargestellten Umsetzung: 



Reaktionsschema V 




N 



B 

I Funktionalisierung 
^N-X-A 

(R 3 ) 3 Sn-Y 




NaN. 



CN 



X-A 




F) fur solche Verbindungen der Formel Ic in denen alle Substituenten wie im Anspruch 1 definiert sind, das 
Durchfuhren der im Reaktionsschema VI dargestellten Umsetzung: 



Reaktionsschema VI 



R 




B 
I 

-N-X-A 



*C0 2 H 



H 

S0CI 2 

Kopplung ■ 




oder 



G) jedes Verfahren oder jede Variation der vorstehend im Anspruch oder in der Beschreibung beschriebenen 
Reaktionsschemata. 

17. Arzneimittel umfassend eine pharmazeutisch wirksame Menge einer Verbindung nach einem der Anspruche 1 bis 
15, gegebenenfalls im Gemisch mit ublichen und pharmazeutisch vertraglichen Tragern, Zusatzstoffen und/oder 
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Hilfsmitteln. 

18. Arzneimittel nach Anspruch 17 zur Hemmung der Wirkungen von exzitatorischen Aminosauren auf den NMDA- 
Rezeptor-Komplex. 

19. Arzneimittel nach Anspruch 17 zur Behandlung von Epilepsie. 

20. Arzneimittel nach Anspruch 17 zur Behandlung neu rode generative r Krankheiten. 

21. Arzneimittel nach Anspruch 17 zur Prophylaxe und zur Behandlung von ischamischen/hypoxischen/hypoglykami- 
schen Schaden des zerebralen Gewebes. 

22. Arzneimittel nach Anspruch 17 zur Behandlung von Angst. 

23. Arzneimittel nach Anspruch 17 zum Hervorrufen einer analgetischen Wirkung. 

24. Verwendung einer Verbindung nach einem der Anspruche 1 bis 15 zur Herstellung eines Arzneimittels, wie es in 
den Anspruchen 17 bis 22 definiert ist. 

Revendications 

1 . Compost de formule : 



B 




N-X-A 



la 



Z 



B 




N-X-A 



lb 



H 



ou 



B 




N-X-A 



Ic 
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dans lesquelles Z est represente par H, un radical alkyle en C n a C 4 , phenyle ou phenyle substitue, ou un substituant 
phenylalkyle ou le cycle phenyle peut etre eventuellement substitue ; R est represente par I'hydrogene, un haloge- 
ne ou un radical alkyle en a C 4 , alcoxy en a C 4 , CF 3> OCF 3 , OH, N0 2 ou CN ; B est represente par I'hydrogene 
ou un radical alkyle en C n a C 4> phenylalkyle eventuellement substitue ou -CH 2 -COR 2 ; X est represente par CO 
ou S0 2 ; A est represente par un substituant choisi dans I'ensemble constitue par : 







/ 



NH 



-® -JQ> 



o 
n 

-C-D 



ou 



</ » 

I 

H 



dans lesquelles L est represente par un substituant choisi dans I'ensemble constitue par I'hydrogene, les halogenes 
et les radicaux alkyle en a C 4 , alcoxy en a C 4 , CF 3 , OCF 3 , OH, N0 2 , NH 2 , phenylalkyle, acetyloxy et CN ; 
R-, , R 2 et D sont chacun independamment representes par un substituant choisi dans I'ensemble constitue par les 
radicaux -OH, -OR 3 , -NR 4 R S> -OCH 2 OR 3 et -0-(CH 2 ) m -NR 6 R 7 ou m est un entier valant de 1 a 4 ; R 3 est represente 
par un radical alkyle en a C 4 , phenyle ou ph6nyle substitue ou un substituant phenylalkyle ou le cycle phenyle 
peut etre eventuellement substitue ; R 4 et R 5 sont chacun independamment representes par I'hydrogene ou un 
radical alkyle en C-, a C 4 ; et R 7 sont chacun independamment representes par I'hydrogene ou un radical alkyle 
en C 1 a C 4 , ou bien R 6 et R 7> conjointement avec Patome d'azote adjacent, torment un groupe piperidino, mor- 
pholino ou pyrrolidino ; ou I'expression "(cycle) phenyle substitue' se rapporte a un fragment phenyle (C 6 H 5 ) qui 
est substitue par jusqu'a 3 substituants, chaque substituant etant independamment choisi dans I'ensemble cons- 
titue par les atomes d'halogene et les radicaux alkyle en C-, a C 4 , alcoxy en C t a C 4 , CF 3 , OCF 3 , OH, CN, NH 2 et 
N0 2 , et les substituants pouvant etre identiques ou differents et pouvant etre places sur I'une quelconque des 
positions ortho, meta ou para ; et leurs sels acceptables en pharmacie ; 

avec les conditions suh/antes : 1) lorsque R, Z, B sont I'hydrogene, R 1 est OR 3 ou R 3 est le radical ethyle, et X 
est le radical CO, alors L n'est pas I'hydrogene ; 2) lorsque X est le radical S0 2 , R et B sont I'hydrogene, et Z est 
le radical methyle, alors L n'est pas le radical p-N0 2 , p-methyle ou p-CI ; 3) lorsque X est le radical S0 2 , R et B 
sont I'hydrogene et Z est H, alors L n'est pas le radical p-CI ; et 4) lorsque X est le radical S0 2 , alors A ne peut 
pas etre un radical C(0)-D ou tetrazole. 

Compose selon la revendication 1 , qui peut etre decrit par la formule : 




la 
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3. 
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Compose selon la revendication 1 , qui petit etre decrit par la formule : 
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25 



4. Compose selon la revendication 1 , qui peut etre decrit par la formule Ic : 



B 

I 

N-X-A 




Z O H 

H 



Ic 



5. Compose selon I'une quelconque des revendications 1 a 3, dans lequel A est represents par : 




35 6. Compose selon Tune quelconque des revendications 1 a 3, dans lequel A est : 



40 



-XQ> Hg> H©* 

/ ou ~ ~" 



7. Compose selon Tune quelconque des revendications 1 a 3, dans lequel A est : 



45 



50 
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ou 




NH 



8. Compose selon I'une quelconque des revendications 1 a 3, dans lequel A est : 
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II 

-C-D 
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9. Compose selon Tune queiconque des revendications 1 a 3, dans lequel A est : 




I 

H 

10. Compose selon I'une queiconque des revendications 1 a 9, dans lequel B est un groupe alkyle en C n a C 4> un 
groupe phenylalkyle event u el lement substitue, ou un groupe -CH 2 -COR 2 . 

11. Compose selon Pune queiconque des revendications 1 a 10, dans lequel X est un groupe CO. 

12. Compose selon Tune queiconque des revendications 1 a 9, dans lequel X est un groupe SO2. 

13. Compose selon I'une queiconque des revendications 1 a 12, dans lequel R est un groupe 4,6-ou 5,6-dichloro. 

14. Compose selon Tune queiconque des revendications 1 a 12, dans lequel R est un groupe 6-chloro. 

15. Compose selon la revendication 2, dans lequel B est un groupe CH 3 , R est un groupe 4,6-dichloro, Z est H, R est 
H et A est un groupe C 6 H 5 . 

16. Procede pour produire des composes de formules : 



B 
I 




ou 
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B 

I 




Ic 



tels que definis dans la revendication 1 , et leurs seis acceptables en pharmacie, qui consiste : 

A) pour les composes de formule la dans lesquels Z et B sont tous deux representes par Thydrogene et dans 
lesquels les autres substituants sont tels que definis dans la revendication 1 , a effectuer la reaction decrite 
dans le schema reactionnel I : 



Schema Reactionnel I 




B) pour les composes de formule la dans lesquels B est represents par I'hydrogene et dans lesquels tous les 
autres substituants sont tels que definis dans la revendication 1 , a effectuer la reaction decrite dans le Schema 
Reactionnel II : 



Schema Reactionnel II 
H Base forte H 
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C) pour les composes de formula la dans lesquels Z est represents par I'hydrogene et dans lesquels tous les 
autres substituants sont tels que definis dans la revendication 1 , a effectuer la reaction decrite dans le Schema 
R6actionnel III : 



Schema Reactionnel III 
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D) pour les composes de formule la dans lesquels tous les substituants sont tels que definis dans la reven- 
dication 1 , a effectuer la reaction decrite dans le Schema Reactionnel IV : 



Schema Reactionnel IV 
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Alkylation 
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E) pour les composes de formule lb dans lesquels tous les substituants sont tels que definis dans la revendi- 
cation 1, a effectuer la reaction decrite dans le Schema Reactionnel V : 
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Schema Reactionnel V 
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^CN 



Fonctionnalisation 
(R 3 ) 3 Sn-Y 

NaN 3 




F) pour les composes de formule Ic dans lesquels tous les substituants sont tels que d6finis dans la revendi- 
cation 1 , a etfectuer la reaction decrite dans le Schema Reactionnel VI : 



Schema Reactionnel VI 




CO z H 



H 2 N 
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O H 



ou blen 

G) n'importe quel procede ou variante des schemas reactionnels decrits ci-dessus dans la revendication ou 
dans la description. 

17. Composition pharmaceutique contenant une quantite, efficace du point de vue pharmaceutique, d'un compose 
selon I'une quelconque des revendications 1 a 15, 6ventuellement en melange avec des v6hicules, additifs et/ou 
adjuvants classiques acceptables en pharmacie. 

18. Composition pharmaceutique selon la revendication 17, destinee a contrer les effets d'acides amines excitateurs 
sur le complexe recepteur de NMDA. 

19. Composition pharmaceutique selon la revendication 17, pour le traitement de Pepilepsie. 

20. Composition pharmaceutique selon la revendication 17, pour le traitement des affections neurodegeneratives. 

21. Composition pharmaceutique selon la revendication 17, pour la prevention et pour le traitement de dommages 
ischemiques/hypoxiques/ hypoglyc6miques au tissu cerebral. 
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22. Composition phamnaceutique selon la revendication 17, pour le traitement de Panxiete. 

23. Composition phamnaceutique selon la revendication 17, pour produire un effet analgesique. 

s 24. Utilisation d'un compose selon I'une quelconque des revendications 1 a 15 pour la preparation d'une composition 
pharmaceutique telle que definie dans les revendications 17 a 22. 
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